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Disclosed herein are a color filter wherein an organic 
pigment is comprised of primary particles having an 
average particle size of 20 to 200 nm and a particle size 
distribution within ±35 nm and said organic pigment 
has a color difference of 5 or less when it is subjected to 
exposure at an illuminance of 100,000 lux or more for 
100 hours or more under the condition of a surface 
temperature at 50* C; a color filter wherein the film of 
coloring matter in green has a ratio (T485/T610) of the 
transmittance of 485 nm (T48S) to that of 610 nm (Jeio ) 
of 3.5 or less, the maximum transmittance of the film of 
coloring matter in green is 60% or more and said maxi- 
mum transmittance is assigned a wavelength of 540 to 
550 nm; and a color filter using a specific organic pig- 
ment as each of red, green and blue pigments. 

5 Claims, 5 Drawii^ Sheets 
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have the drawbacks that their manufacturing cost is at a 

COLOR FILTER, METHOD FOR MANUFACTURE high side because they have to have an equivalent to 3 

THEREOF AND LIQUID CRYSTAL PROJECTOR sets each of optical system and dichroic minor and that 

USING SAID COLOR FILTER the optical system is a complicated one. 

5 Thus, it is necessary that a color filter excellent in 

TECHNICAL FIELD light resistance be developed Liquid crystal projectors 

The present invoition relates to a novel color filter, a of single plate type capable of using strong ligit sources 

method for manufacture of said color filter and a liquid will be made available by the use of color filters having 

crystal projector using said color filter. More particu* excellent light re si stance if such color filters come true, 

larly, it relates to a color filter having a film of coloring ^ addition, liquid crystal panels for overhead projector 

matter in the three primary colors of red (R), green (G) and for car will be permitted to use strong backlighting 

and blue (B), excellent Ught resistance and heat resis- with the improved color filters, to have elevated reh- 

tance and capable of withstanding the use of highly ability and a significantly longer life, 

bright light sources, a method for effidently manufac- In color filters, the light is shielded respectively in 

luring said color filter according to the micellar disrup- part of the wavelengths ascribed to every color to gen- 

tion method and a liquid crystal projector using said erate the heat Accordingly, highly bright light sources 

color filter which has a long life and is economically appHed to color filters gives rise to the elevation of 

advantageous. temperatures on the surface of the color filters. If still 

BACKGROUND ART 20 ^"^^5 ^"^"^ ^^l"" cl^er pic- 

tures, the temperatures on the surface of the color filters 
In recent years, color displays of image in liquid crys- are brought up even higher, and thus light resistance 
tal television sets, personal computers of lap top type under further elevated temperature conditions is re- 
and so on have been advanced by the development of quired. 

multicolor display devices comprising a linear elec- Conventionally, it has been known that mixed sys- 
trode-simple matrix, time-sharing drive or an active 25 tcmsof pigments denoted by the following Color Index 
matrix drive wherein every pict ure ele ment is incorpo- Pigment Number (CLP.) are used as the organic pig- 
rated with a thin fihn transistor (TFT^ mcnt of color filters having high Kght resistance as 
Some of these developments have already been mer- disclosed in Japanese Patent AppUcation Laid-Open 
chandised as a small .size color hquid crystal television No 89906/1 987- 

Tliese multicolor display devices use color filters ^20, 223, 224, 226, 227, 228, 240 
havmg fihns of colonng matter m the three primary Yellow m :20 24 86 93 109 110 117 125 137 138 
colors of RGB. Conventionally, the color filters have ,?^>IJ TT; , ^7o ' ' ' * ' 
been manufactured according to various methods. For tZX' I i% ' ' 
example, the dyeing method (Japanese Patent AppHca- 35 ^l^^""^^^ . 90 ^ 
tion Laid-open No. 55301/1985), the printing method ^^^^ * 22, W, t>4 
(Japanese latent AppUcation Laid-Oi^n No. Violet (V) : 19, 23, 30, 37, 40, 50 
46325/1983 and Japanese Patent Application Laid- However, hquid crystal projectors developed re- 
Open No. 29225/1984), the pigment dispersion method cently have a 3^ 5 mch panel to be magnified to the size 
(Japanese Patent Application Laid-Open No. 40 40-200 inches, and it is necessary to project on the 
237403/1985), the electrodeposition method (Japanese «se of very strong light sources. It is 
Patent AppUcation Laid-O^n No. 270730/1986), the known that projections are converged with microlenses 
vapor deposition method (Japanese Patent AppUcation attached to picture element In these Uquid crystal pro- 
. Laid-Open No. 166607/1980), the micellar disruption jectors, the projections are converged in this way, re- 
method (Japanese Patent AppUcation Laid-Open No. 45 quiring the passage of the Ught of 100,000 lux or more 
243298/1988 and Japanese Patent AppUcation Laid- through color filters, and it is impossible that all of 
Open No. 50538/1988 through PCT) and so on have above-mentioned organic pigments can withstand the 
been known. The color filters thus manufactured have of Ught sources as strong as above. Thus, a color 
widely been used as the Uquid crystal display material in filter resistant to light sources of 100,000 lux or more, 
Uquid crystal television sets (Japanese Patent AppUca- 50 preferably 500,000 lux or more and more preferably 
tion Laid-Open No. 7886/1986), personal computers of 1,000,000 or more is desired. The necessity is particu- 
lap top type (Japanese Patent AppUcation Laid-Open larly urgent in the red and green colors which are sus- 
No. 105613/1985) and so on. ceptible to the quick deterioration. 

Meanwhile, Uquid crystal projectors such as Uquid DISCLOSURE OF THE INVENTION 
crystal television projector, overhead projector and 55 

video projector have attracted attention as a large size Under these circumstance, the present inventors have 

display apparatus to replace color CRTs, and their de- made intensive studies with a view to developing a 

velopment has been sped up in recent years. There have color filter exceUent in Ught resistance and capable of 

been known two types of Uquid crystal projector. One withstanding the use of said highly bright Ught sources 

of them is a projector of single plate type (Japanese 60 which are preferably used in Uquid crystal projectors. 

Patent AppUcation Laid-Open No. 41086/1985) and large size internal Uquid crystal panels for car and so on, 

another a projector of three plate type (Japanese Patent a method for efficientiy manufacturing said color filter 

AppUcation Laid-Open No. 306792/1988 ). However, and a Uquid crystal projector using said color filter to 

the devices of single plate type have a short life because have a long Ufa As the result, they have had the foflow- 

of conventional color filters aU of which are poor in 65 ing fmdings: 

Ught resistance and it is necessary that these devices be At first, pigments were chosen on the basis of Ught 

improved so as to prolong the service life. On the other resistance against the use of said highly bright Ught 

hand, the Uquid crystal projectors of three plate type sources. Specifically, it was found that there is sufficient 
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light resistance in C.L Pigment Rod 168 (anthanthrone- shorter by the yellow and that at 610 nm or longer by 
based pigment), C.L Pigment Red 177 (dianthraqninine- the green. More specifically, a ratio (jAZs/Teio) of the 
based pigment), CL Pigment Yellow 1 10 QsoindoB- transmittance at 485 nm (Tass) to that at 610 nm (Jeio) 
none-tesed pigment^ C.L Pigment Green 7 (chlorocop- need to be 3.5 or less, preferably 3.0 or less and more 
pcrphthalocyanine-based pigment), CL Pigment Green 5 preferably 0.5^3.0. 

36 (chlorobromocopperphthalocyanine-based pig- Fmlfaeimore, the lights having wavelengths ascribed 
ment), CI. Pigment Blue 15:3» 15:4 (monocblorocop- to RGB at the li^t source should be used effectively to 
perphthalocyanme-based pigment), CL Pigment Blue the full extent to bring the characteristics of tiie color 
15.*6 (monochloTocoppeiphthalocyanine-based pig- filters to work satisfactorily. For tliig^ it is necessary to 
ment) and CL Hgment Violet 23 (dioxane-based pig- 10 maximire the integrated quantity of transmitted light at 
ment). Furthermore, the red and green were found to be the wavelength ascribed to each color of RGB. More 
susceptible to the quicker deterioration than the blue by specifically, each color film should have the 
far. Tlie cause for the deterioration was investigated to transmittance of 60% or more, preferably 65% or more 
determine that the yellow pigments used to adjust the and more preferably 70% or more. Particularly, in 
color tone of the red or green are liable to deteriorate 15 order to maximize the integrated quantity of transmitted 
significantly. Thus, it was found that color filters can be light in green, the maTiTnnni transmittance of the green 
made light resistant as a whole by using as the red (R) a is assigned the wavelengths in a range of 540-550 nm. 
single CI. Pigment Red 168 or a single CL Pigment Briefly, the films of coloring matter in green having 
Red 177 or a mixed system pigment combming CL very good spectral properties can be obtained by choos- 
Pigment Red 168 with CL Pigment Yellow 110 or a 20 ing the appropriate pigments, adjusting their mixing 
mixed system pigment combining CL Pigment Red 177 ratio and classifying then: particles. The green color 
with CL Pignient YeUow 1 1 0; as the green (G) a films thus produced have a ratio (T4g5/T6io) of the 
mixed system pigment combining C± Pigment Green 7 transmittance at 485 nm (T4S5) to that at 610 nm (Teio) 
or CL Pigment Green 36 with CL Pigment Yellow of 3.5 or less, preferably 3.0 or less. and more preferably 
110; and as the blue (B) a mixed system pigment com- 25 0.5-^3.0, wltile the iwmnit iTn transmittance of the fifai 
bining CL Pigment Blue 15:3, 15:4 or 15:6 with CL of coloring matter in green is 60% or more, preferably 
Pigment Violet 23. 65% or more and more preferably 70% or more and 

For conventional color filters, their pigments were said maTimnm transmittance is assigned the wave- 
chosen giving priority to spectral properties. These lengths in a range of 540 to 550 nm. 
color filters were poorly resistant to the hght when they 30 Of the yellow organic pigments as defined above, the 
were subjected to exposure by the use of intensely CI. Pigment Yellow 110 (isoindolinone-based pigment) 
bright H^t sources. Furthermore, even some of the was found to be preferably used as the yellow pigment 
light resistant pigments including those disclosed in to adjust the color tone of either or both of the red and 
Japanese Patent Application Laid-Open No. green. It was also found that above-mentioned spectral 
89906/1987 were found not to have sufficient spectral 35 properties can be obtained by using a mixture of CL 
properties when they were used along with the in- Pigment Green 36 (chlorobromophthalocyanine-based 
tensely bright light sources as set forth above. As evi- pigment) and CL Hgment Yellow 1 10 (isoindolinone- 
dent from these findings, it is essential that the pigments based pigment) as the green. 

chosen as above be used as a Hght resistant pigment Meanwhile, the micellar disruption method is free of 
when intensely bright light sources are participated. 40 binder resins, helpful to obtain excellent heat redstance 
On the other hand, an attempt was made to obtain and light resistance and improves depolariidng proper- 
improved light resistance from a measure of hght resis- ties which are an important problem to compounds of 
tanoe inherent in certain pigments. In the pigments the pigment series. Therefore, the miftgliar disruption 
comprised of primary particles having a wide particle method is particularly preferred in the manufacture of 
size distribution from coarse to fine, the light helped 45 color filters, although any one of the pigment dispersion 
particles grow fast, and when the light was irradiated to method, the printing method and the micellar disnip- 
these particles, their colors were liable to change signifi- tion method is suitable. 

cantiy. It was found on the basis of this knowledge that However, it should be pointed out that the conven- 
where there is high transparency of pigments whose tionally known method for the preparation of organic 
primary particles have an average size in a range of 50 pigment dispersions as disclosed in Japanese Patent 
20— 200 nm, preferably 20— 150 nm and more prefera- Application Laid-Open No. 243298/1988 and Japanese 
bly 20—100 nm, the said pigments can obtain markedly Patent AppHcation Laid-Open No. 30794/1990 is not 
improved light resistance by controlling the particle good enough to manufacture the color filters excellent 
size distribution to be within +35 nm to obtain the in Hght resistance from organic pigments according to 
uniform particles and thus preventing the growth of 55 the micellar disruption method. To provide organic 
particles due to the hght pigments comprising primary particles having an aver- 

Furthennore, the films of coloring matter in the age particle size of 200 nm or smaller, a surfactant com* 
green are different from those of the red or blue in that prising a ferrocene derivative, an organic pigment and a 
light shielding is not sufficient if merely the light having supporting salt are mixed in an aqueous medium; the 
a wavelength longer or shorter than a certain wave- 60 resultant mixture is dispersed for 0.5 hour or more per 
length is restrained fiom the transmission. For the green liter, preferably 0.5 — 2 hours per liter in the presence of 
color films, well-balanced light shielding should be ultrasonic waves by the use of a ultzasonic dispersing 
achieved by blocldng both the wavelengths ascribed to device of 50 W or more, preferably 300 W or more and 
the red and the wavelengths ascribed to the blue simul- more preferably 600 W or mor^ and the dispersion 
taneously. Accordingly, it is necessary to prevent the 65 formed as above is centrifuged with a centrifugal force 
hghts having a wavelength of 485 nm or shorter and a of 4000 Xg (g denotes the acceleration of gravity) or 
wavelength of 610 nm or longer from transmission and more, to be followed by filtration if necessary. In this 
therefore to shield the transmitted Hght at 485 nm or way, the dispersion is made to contain the pigments 
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whose primary particles are classified to have the aver- prismg a ferrocene derivative, an organic pigment and a 

age particle size in the range of 20—200 nm and a parti- supporting salt in an aqueous medimn, dispersing said 

de size distribution within ±35 nm. The color filters mixture for 0.5 hour or more per liter in the presence of 

having excellent light resistance C3n be obtsiiiGd only ultrasonic waves by the use of a ultrasonic dispersing 
when then- fihns are formed of this Aspersion of organic 5 devices with an output of 300 W or more, centiifuging 

pigment accoiding to the micdlar disruption method. ^ dispeision fonned above with a centrifagal force of 

The present mvention has been completed on the 4oooxgormore, and thus forming a dispersion contain- 
basis of such findmes. Accordingly, the present mven- . . . • ^ i i • 

tion provides (1) a Siot filter haX^bg a fi£ of coloring ^^Sment whose primary paitic^ are class,- 

matt^ in the three primary colors of red, green and 10 «^ P^^if ^ ? ^S^f^ 

blue, wherein the organic pigments forming the fihn of ^--200 mn and a particle size distribution withm ±35 
coloring matter m each of red, green and blue are com- 

prised of primary particles having an average particle The present invention still further provides a liquid 
size of 20-- 200 nm and a particle size distribution within crystal projector using the color filter as defined in (1), 
±35 nm and furthermore said organic pigments have a 15 (2) or (3) above. 

color difference of 5 or less after said pigments as con- nPSciWPTION OF DRAWINGS 

tained in color filters are subject to exposure for 100 DESCRIP'^0^ OF DRAWINGS 

hours or more at an illuminance of 100,000 lux or.more FIG. 1 is a gn^h showing spectral properties of the 
by the use of a highly bright light source for projection color filter obtained in Example 1. 
under the condition of a surface temperature at 50' C or 20 piG. 2 is a graph showing the chromaticity coordi- 
higher, (2) a color filter having a fihn of coloring matter before and after the light was irradiated to the 

in the three primary colors of red, green and blue, ^^^j. ^^^j, obtained in Comparative Example 2. 
wherdn the film of coloring matter in gre^has a ratio piG. 3 is a graph showing the particle size distribu- 

^^i^''°l^^^x'^?f°'^''^t'^^^'^^^^^^ tion of the primary partides of orjmic pigments in the 

at 610 nm (j6\o) of 3.5 or less, the maxunum transmit- 25 J^T^nZ^tTic^^ S^«tK«m^^ ^ 

tance of the film of coloring matter in green is 60% or P^S""^* dispersions obtamed m Preparation Examples 6 
more and said TnaTimum transmittance is assigned the 

wavelengths in a range of 540 to 550 nm, and (3) a color ^IG. 4 is a graph showing the spectral transmittance 

filter having a fihn of coloring matter in the three pri- before and after the light was irradiated to the fihn of 

mary colors of red, green and blue, wherein the red (R) 30 coloring matter obtained in Example 11 and Compara- 

coloring matter is a single CI. Pigment Red 168 or a tive Example 9. 

single CI. Pigment Red 177 or a mixed system pigment FIG. 5 is a schematic diagram illustrating a mask 

combining CL Pigment Red 168 with CI. Pigment designed to prepare a taken-out electrode mounting. 

YeUow 110 or a mixed system pigment combining CL r app vmr ottt thp 

Pigment Red 177 with CI. Pigment Yellow 110, the 35 BEST MODE FOR CARRYING OUT THE 

green (G) coloring matter is a mixed system pigment INVENTION 

combining at least one compound selected from the first color filters of the present invention have 

group consisting of CL Pigment Green 7 and C J. Pig- the fihns of coloring matter m the three primary colors 

ment Green 36 with CL Pigment Yellow 1 10; and the coloring matter in each color of 

blue (B) coloring matter is a mixed system pigm<mt 40 rgb comprises organic pigments whose primary parti- 

combmmg at least one compound selected from the ^ ^ ^^^^ size in the range of 

group consisting of CI PigmentBlue 15:3, 15:4 and 20^200 mn, preferably 20^150 nm and more pr^era- 

15:6 with CL Pigment Violet 23. The present mvention ft ZT ^ P™^^j"^y ^ mu miu uiyic 

also provides a^lor filter as defined in (1) and (2) bly 20^100 mn and a particle size distnbution withm 

above, wherein preferably the CL Pigment YeDow 110 45 =^^5 nm. Tliese orgamc pigments have a color differ- 

is used as a yellow pigment to adjust the color tone of ^f 5 or less after said orgamc pigments as contamed 

cither or both of red and green of organic pigments and i° color filter are subjected to exposure for 100 hours or 

a color filter as defined in (2 ) above, wherein preferably more at an iUuminance of 100,000 lux or more by the use 

a mixture of CL Pigment Yellow 110 and CL Pigment of a highly bright Ught source for projection under the 

Green 36 is used as a pigment to adjust the color tone of 50 condition of a surface temx>erature at 50^ C or higher, 

at least green of organic pigments. Thus, these organic pigments are capable of withstand- 

The present invention further provides a method for ing the use of highly bright light sources, 
manufacturing the color filter as defined m (1 ), (2 ) or The second color filters of the present mvention have 
(3 ) above, whidii comprises dispersing each of red, the films of coloring matter in the three primary colors 
green and blue pigments in an aqueous medhmi by the 55 of RGB, particularly comprising the color fihn in green 
use of a surfactant comprising a ferrocene derivative to having very good spectral properties. Said fihn of col- 
prepare a dispersion, dipping into any one of the disper- ^ ^ the ratio (T485/T610) of the 
sions formed as above a substrate for manufacture of transmittance at 485 nm (J^is) to that at 610 mn (Jmo) 
color filter which 1^ a transparent electtoconducdv^ ^^3 5 preferably 3.0 or less and more preferably 
thin film on an electncally insulatmg substrate, eiectn- 60 ^ _ . "r* . ^ . r ^iT ci r 
fying said substrate to form a fihn of coloring matter on ^'^^^'^^ ms^um transnnttance of the fihn of 
an electrode of said substrate; repeating the foregoing ^1°™^ ^^"^ ^ 60% or more, preferably 
procedure successively for each of the remaining two ^5% or more and more preferably 70% or more and 
dispersions; and thereby forming on said substrate the said maximum transmittance is assigned the wave- 
films of coloring matter in the three primary colors of 65 lengths in the range of 540-- 550 mxL 
red, green and blue. The present invention fiirther pro- In these first and second color filters, the CI. Pig- 
vides the manufacturing method as defined above, ment Yellow 110 (an isoindolinone-based pigment) as 
which preferably comprises mudng a surfactant com- represented by the following formula: 



7 
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10 



is used as a yellow pigment to adjust the color tone of 
either or both of red and green, enabling the color filters 
to exhibit excellent effects. 

In said second color filters, a mixtore of said CL 
Pigment Yellow 110 and CL Pigment Green 36 (a chlo- 
robromocopperphthalocyanin&'based pigment) as rep- 
resented by the following formula: 

20 

Br Br 




25 



30 



35 



. Br Br 

40 

is used as a pigment to adjust the color tone of at least 
green, and thus said spectral properties can be obtained 
with ease. Furthermore, the third color filters of the 
present invention have the films of coloring matter in 45 
the three primary colors of RGB, and as the coloring 
matters in red, green and blue, each of following spe- 
cific pigments should be used. As the red coloring mat- 
ter, a single CL Pigment Red 16S (an anthanthron- 50 
based pigment) as represented by the following for- 
mula: 




60 



or a single CL Pigment Red 177 (a dianthraquinone- 
based pigment) as represented by the following for- 
mula: 




or a mixed system pigment combining said CL Pigment 
Red 168 with CI. Pigment YeDow 1 10 or a mixed sys- 
tem pigment combining said CL Pigment Red 177 with 
CL Pigment Yellow 1 10 should be used. 

It is preferable that these mixed systems of red pig- 
ment contain 50% or more by weight of CL Figment 
Red 168 or CL Pigment Red 177. 

As the green coloring matter, for example a mixed 
system pigment oomtnning at least one compound se^ 
lected from the group consisting of CL Pigment Green 
7 (a chlorocopperphthalocyanine-based pigment) as 
represented by the following formula: 



a a 




and said CL Pigment Green 36 with said CL Pigment 
Yellow 110 should be used. It is preferable that this 
mixed system of green pigment contain 40% or more by 
weight of the CL Pigment Green 7 or CL Pigment 
Green 36. 

As the blue coloring matter, for example a mixed 
system pigment combining at least one compound se- 
lected from the group consisting of CL Pigment Blue 
15:3, 15:4 and 15:6 (each being a chlorocopperph- 
thalocyanine-based pigment) as represented by the fol- 
lowing formula: 
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insulating substrate with said transparent electrocon- 
ductive thin film thereon. 

According to the method of the present invention, a 
red pigment, a green pigment and a blue pigment as 
desired are respectively dispersed in an aqueous me- 
dium by the use of a suxfactant comprising a ferrocene 
derivative (a micelle forming agent) to prepare the dis- 
persions. AS an aqueous medium used in this process, 
various media such as water, a mixture of water and 
alcohol, a mixture of water and acetone and so on can 
be mentioned. 

As a ferrocene derivative used as a surfactant in pre- 
paring said dispersion, various ferrocene derivatives can 
be mentioned, including those of ammonium type, ether 
type, ester type and so on. Their typical examples in- 
clude a FPEG represented by the following formula: 



with CJ. Pigment Violet 23 (a dioxane-based pigment) 
as represented by the following formula: 




CnH22(OCH2CH2)i2^0H 



should be used. It is preferable that this mixed system of 
blue pigments contain 70% or more by wei^t of at 
least one compound selected firom the group consisting 
of CI. Pigment Blue 15:3, 15:4 and 15:6. 

In so fiar as their fihns of coloring matter in the three 35 
primary colors of RGB are prepared from the red, 
green and blue pigments as defined above, the color 

filters hf^^g^these color films in the three primary ^ p^srs represented by the following formula: 
colors of RGB are excellent m hght resistance, capable 
of withstanding the use of highly bright light sources 40 
and further superior in spectral properties. 



nd further supenor m spectral properties. .✓^^^^^/^ r^,r^ n\ « 

The method for manufacturing the color filter of the \ Q 7-<™2>8j"^(™2™2^>i"H 

resent invention is not particularly limited. Any \ / O 

Fe 



present invention is not particularly limited. Any 
method can optionally be chosen from among those 
conventionally known, for example, the dyeing method, 45 
the printing method, the pigment dispersion method, 
the electrodeposition method, the vapor deposition 

method, the micellar disruption method and the like. Of r^c^^ j t. « • r i 

them, however, the micellar disruption method is pre- » represented by the followmg.fonnula: 

ferred. The color filters whose color films in the three 50 
primary colors of RGB are formed by the use of micel- ^.^vs. 

lar disruption method have less depolarizing properties ^Q^— (CHaHC— o— (CH2CH20)i3jH 

and further are excellent in heat resistance and light \ / o 

resistance because these color filters are firee of binder 
resins. 55 

The manufacture of the color filters according to the 
micellar disruption method is not particularly limited, 
but any conventionally known variations in the method 

my find their places. However, the color filters can be and a FTMA represented by the following formula: 
efficiently manufactured according to the following 60 

method of the present invention. Br- 

The method for manufacturing the color filter of the (CH3)3N+CiiH22- 
present invention will be described below. The method 
of the present invention comprises manufacturing the 
color filters by forming the films of coloring matter in 65 
the three primary colors of RGB on a transparent elec- 
troconductive ti^ film laid on a substrate for manufac- 
ture of color filter which is made of an electrically. 



re 



Fe 
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Mentioned below is the oxidation-reduction potential so long as it can control the electrical conductivity of 
of these micelle fonning agents comprising the ferro- the aqueous medium without preventing the fonnation 
cene derivadves mentioned as above: of micelle or the deposition of said pigments on the 

Oxidation-redaction potential: electrode. 
FPEG: 0.25V 5 Specifically, sulfuric acid salts (salts of lithium, potas- 

FEST8: 0.19V sium, sodium, rubidium or aluminumX acetic acid salts 

FEST9: 0.22V (salts of lithium, potassium, sodium, rubidium, beryl- 

FTMA: 0.14V Hum, magnesium, calcium, strontium, barium or alinni- 

Besides those mentioned above, the method of the num), salts of halides (salts of lithium, potassium, so- 
present invention can use the ferrocene derivatives 10 dium, rubidium, calcium, magnesium or aluminum), 
produced according to the processes described in the salts of water-soluble oxides (salts of lithium, potassium, 
specification of International Patent AppHcadon sodium, rubidium, calcium, magnesium or aluminum), 
W089/01939, and in Japanese Patent Apphcadon Laid- which are generally and widely used as supporting salts. 
Open No. 45370/1989, Japanese Patent AppHcadon are suitable. For example. LiBr, KQ, Li2S04, 
Laid-Open No. 226894/1989, Japanese Patent AppHca- 15 (NH4)3BF4and so on can be mentioned, 
tion Laid-Open No. 83387/1990, Japanese Patent AppH- Then, three kinds of dispersions wherein the red, 
cation Laid-Open No. 250892/1990 and the like. green and blue pigments are respectively dispersed are 

As the surfi^ctant used in the method of the present prepared. A micelle dispersion comprising a mixed sys- 
invention, said ferrocene derivatives may be used alone tern of pigments can be prepared either by placing all 
or as combination of at least two of them and, if neoes- 20 the pigments to be incorporated simultaneously in the 
saiy a combination of said Ferrocene derivatives with aqueous medium along with the surfactants and the 
other surfactants may as well be used. As the other supporting salts and disperang these components or by 
surfactant, for example nonionic surfactants such as placing a single pigment to be incorporated in the aque- 
polyoxyethylene alkyl ether, polyoxyethylene fatty ous medium along with the surfactants and the support- 
add ester, polyoxyethylene alkyl phenyl ether, poly- 25 ing salt, dispersing these components to prepare a dis- 
oxyethylene polyoxypropylene alkyl ether and so on persion and mixing the three dispersions thus prepared, 
.can be preferably mentioned. Further, cationic and Next, a substrate for manufacture of color 6 ter com- 
anionic surfactants such as alkyl sulfate, polyoxyethyl- prising an electrically insulating substrate and a trans- 
ene alkyl ether sulfate, alkyltrimethyl anunonium salt, parent electroconductive thin film thereon, for example 
fatty acid dietfaylaminoethylamide and so on can be 30 an ITO (a composite oxide comprising indium oxide 
used. and tin oxide) substrate with a black matrix or a soHd or 

It is advantageous that the dispersions of pigment patterned ITO substrate is dipped into one of the disper- 
used in the method of the present invention be prepared sions prepared as above. Said substrate is electrified to 
in the following way. At first, a surfactant comprising a be subjected to the micellar electrolysis and the desired 
ferrocene derivative as mentioned above, an other sur- 35 film of coloring matter is formed on the electrode of 
factant as desired, various organic pigments and a sup- said substrate. This procedure is repeated for each of 
porting salt are placed and mixed in an aqueous me- the remaining two dispersions to form a film of coloring 
dium. The resultant mixture is dispersed for 0.5 hour or matter in the three primary colors of RGB on said sub- 
more per Hter, preferably 0.5 ~ 2 hours per liter in the strate. As the electrically insulating substrate used to 
presence of ultrasonic waves by the use of a ultrasonic 40 prepare said substrate for manufacture of color filter, a 
dispersing device with an output of 50 W or more, glass substrate such as blue plate glass (soda lime), white 
preferably 300 W or more and more preferably 600 W plate glass, alkaH-free glass (for example, 7059, pro- 
or more. The dispersion formed as above is centrifuged duced by Coming Glass Works; NA 45, produced by 
with a centrifugal force of 4000 Xg or more and filtered HOYA CO., LTD.), low expansion glass (LE), quartz 
if necessary to obtain a dispersion of organic pigments 45 glass and so on and a plastic plate such as polyethylene 
whose primary particles are classified to have an aver- terephthalate can be mentioned. Of them, the glass 
age particle size of 20^-200 nm and a particle size distri- plates are suitable. As the glass plate, the polished prod- 
bution within ±35 mn. ucts are preferable but even the unpolished glass plates 

The concentration of the surfactants used in the pro- can be used. The material of the transparent electrocon- 
cess is not particularly limited. Ordinarily, the concen- 50 ductive thin film on these electrically insulating sub- 
tration of said ferrocene derivative and that of the other strates is acceptable, provided it is a metal more noble 
surfactant tised as desired are chosen from a range that than the oxidation potential of the ferrocene derivatives 
exceeds the critical micelle concentration, preferably or an electrically conductive substance. More specific 
the range of the equilibrium of total critical micelle cally, an electrically conductive metal oxide such as 
concentrations to 3 mmol/Iiter. 55 ITO (a CQn^)osite oxide comprising indium oxide and 

On the other hand, the concentration of each pigment tin oxide), tin dioxide and so on and further an dectro- 
is ordinarily chosen from the range of 1 '^500g/liter. conductive polymer can be mentioned. The thin films 

Said supporting salt is added to control the electrical are formed according to, for example the sputtering 
conductivity. The amount of the supportmg salt to be method, the vapor deposition method, the CVD 
added may be the range that does not prevent the depo- 60 me±od, the coating method and so on. Further, it is 
sition of the pigments dispersed therein, but usually a advantageous to coat siHca on a glass plate and then 
concentration in the range of 0.01 --2.00 mmol/Hter is form an electroconductive thin film thereon, to provide 
ordinarily chosen. Electrolysis may be carried out with- improved adhesion between the electroconductive thin 
out using the supporting salt, and in this case, a high film and the glass plate. 

purity thin film free from supporting salt can be pre- 65 As the substrate for manufacture of color filters, an 
pared- ITO substrate with a black matrix is preferably used. 

Also, in the case of using the supporting salt, the The ITO substrate with black matrix is prepared by 
kinds of the supporting salt are not particularly limited forming the black matrix on an electrically insulating 



substrate according to the photography method at first 
The black matrix formed as above is subjected to pat- 
terning according to the photolithography method in 
the order of: (a) coating of a resisting agent, (b) expo- 
sure, (c) devdoping, (d) postbaking, (e) etching of an 5 
electroconductive thin film and (f) removal of the resist 
Further, exposure should be carried out by the use of a 
mask for manufacturing the black matrix. 

An electrically insulating film can additionally be laid 
on the substrate after the black matrix is formed 10 
thereon. The electrically insulating films are formed by 
sputtering sihca (SiOi), titania (TiOi), alumina (AI2O3) 
and so on or coating or dipping silica or a polymer. 

Then, an TTO thin film is formed on said electrically 
insulating film or glass plate. The ITO thin films can be IS 
formed according to the sputtering method, the vapor 
deposition method, the pyrosol method and so on. 

Furthermore, the ITO thin films are patterned ac- 
cording to the photolithography method to form ITO 
electrodes. These ITO thin films are subjected to the 20 
patterning process according to the photolithography 
method by repeating the same procedure as in pattern- 
ing of the electrically insulating thin films as set forth 
above. Moreover, the ITO electrodes are used as an 
electrode for forming layers of coloring matter, ordi- 25 
narily having a stripe pattern. 

In this way, the substrates for manufacture of color 
filter having the transparent electroconductive thin film 
on electrically insulating substrate is prepared. 

In the present invention, said substrate for manufac- 30 
ture of color filter is dipped into one of said three dis- 
persions and electrified to be subjected to the micellar 
electrolysis. The electrolytic conditions are determined 
dependhig on various circumstances. Usually, the Uquid 
temperature is 0" to 90' C and preferably 10* to 40' 35 
and the voltage is 0.03 to 1.5V and preferably chosen in 
the range of the oxidation-reduction potential to 0.9V. 

Then, the procedure mentioned as above is repeated 
for each of the remaining two dispersions to obtain the 
film of coloring matter in the three primary colors of 40 
RGB on said substrate. 

The micellar electrolytic treatment may as well be 
carried out according to the following method. On the 
substrates for manufacture of color filter, the patterned 
electroconductive thin films are divided mto an objec- 45 
tive electrode and other electrodes. The objective elec- 
trode is impressed with a potential higher than the 
oxidation-reduction potential of said micelle forming 
agent. At least one of the other electrodes is impressed 
with a potential in the range that does not permit the 50 
production of films including self potential (control 
potential). More specifically, control potential is lower 
than oxidadon-reduction potential of said miceUe form- 
ing agent 

When ferrocene derivanves are used as the micelle 55 
forming agent singly, and it is an FPEG, the objective 
electrode is impressed with potential of approximately 
-i-0.3 to -i-0.9V and the other electrodes are impressed 
with potential of approximately —0.3 to -f 0.28V. 
"When it is a FEST8, the objective electrode and the 60 
other electrodes are respectively impressed with poten- 
tial of 0.3 to +0.9V and -0.3 to -}-0.25V; when it is a 
FEST9, H-0.3 to 0.9V and -0.3 to +0.25V; and when 
it is a FTMA, -1-0.2 to -i-0.9V and -0.3 to -i-0.20V. 

Next, one embodiment of this method will be de- 65 
scribed below. In the substrates for manufacture of 
color filter having the G and B patterned transparent 
electrodes, when the Shn of coloring matter in R is 
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formed from said red pigment at the R electrode, the R 
electrode is assigned as the objective electrode and the 
G and B electrodes as the other electrodes. Then, the 
dispernon containing said red pigment is subjected to an 
electrolytic treatment Next, the G electrode is assigned 
as the objecdve electrode and the R and B electrodes as 
the other objective to electrolyze the dispersion con- 
taining said green pigment Finally the B electrode is 
assigned as the objective electrode and the R and G 
electrodes as the other electrodes to electrolyze the 
dispersion containing said blue pigment, to form the 
film of coloring matter in the three primary colors of 
RGB on said substrate. 

In this way, the films of coloring matter having a 
uniform thickness can be obtained according to the 
micellar disn^tion method. 

In the present invention, the color films produced by 
this micellar electrolytic treatment are ordinarily rinsed 
with an electrical conductivity adjusting solution, pure 
water and an electrolyte. Then, they are dried with 
warm water and then prebaked at a temperature of 
approximately room temperature to 140* C. for about S 
to 30 minutes. 

The thus produced films of coloring matter in the 
three primary colors of RGB are ordinarily provided 
with a protect coat to protect the surface of said color 
films. The protect coats can be formed by spin coating 
an acrylic, ester-based, polyimide-based, cyclized rub- 
ber-based, siloxane-based or epoxy-based homopolymer 
or copolymer and so on. Then, an ITO thin film is 
formed thereon by sputtering ITO according to a con- 
ventional method, followed by ITO patterning as di- 
rected by a conventional method. Tims, the desired 
color filters are obtained. Further, ITO sputtering can 
be replaced by subjecting ITO to the masking vapor 
deposition to dispense with the procedure for ITO pat- 
terning. 

Prepared by the micellar electrolytic treatment ac- 
cording to the present invention, the color filters having 
the film of coloring matter in the three primary colors 
of RGB are excellent in spectral properties, having 
improved depolarizing properties. These color filters 
are also very excellent in heat resistance and light resis- 
tance since they are free of binder resins. 

Next, the pigment dispersion method for manufactur- 
ing color filters, other than the method of the present 
invention, will briefly be described below. 

In said pigment dispersion method, red, green and 
blue pigments as desired are respectively added to an 
appropriate organic solvent such as ethyl cellosolve 
acetate. Then, an acrylic or acrylic/acrylate-based re- 
sisting agent and a triazine-based initiator are added 
thereto. These components are mixed homogeneously 
by the use of a mixer, and the resultant mixture is sub- 
jected to the classification procedure comprising cen- 
trifugation and filtration (of Teflon or polypropylene), 
to prepare three kinds of pigment-dispersed resists of R, 
G and B. A pigment-dispersed resist comprising a mixed 
system of pigments can be prepared by either of the 
following two steps. One of them is to add all the pig- 
ments to be mixed to an organic solvent along with a 
resisting agent and an initiator simultaneously and dis- 
perse them. Another is to add a single pigment to be 
mixed to a organic solvent along with a resisting agent 
and an initiator, disperse them to obtain a pigment-based 
resist and mix a plurahty of pigment-based resists thus 
produced. 
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In said pigment-dispersed resists, it is desired that the 
primary particles of the organic pigments be adjusted to 
have an average particle size of 20'«200 mn and further 
a particle size distribution within ±35 nm. It is also 
d^irable to choose the pi^ents and adjust thdr mixing 
ratio in a manner that the Ghn of coloring matter in 
green has a ratio (T485/T610) of the transnrittance at 485 
nm (T4&5) to that at 610 nm (Teio ) of 3.5 or less, the 
Tnayimum transmittance of said film of coloring matter 
in green is 60% or more and said TnaximiiTn transmit- 
tance is assigned the wavelengths in the range of 540 to 
550 nm. 

Next, on the substrate for manufacture of color filter, 
for example the ITO substrate with black matrix, one of 
said pigment-dispersed resists is coated at a revolution 
of about 500~3OOO rpm by the use of a spin coater or 
roll coater. The resultant coat is prebaked at a tempera- 
ture of about room temperature to 150* C. for 5 to 60 
minutes and then subjected to exposure by the use of a 
high-pressure mercury lamp and so on. The substrate is 20 
developed* rinsed and postbaked at a temperature of 
about 150* to 280* C for about 30 to 150 minutes to 
form the de^ed film of coloring matter on said sub- 
strate. This procedure is repeated For each of the re- 
maining two pigment-dispersed resists and thus the 25 
films of coloring matter in the three primary colors of 
RGB are prepared on said substrate. 

Further on the color films formed as above, the pro- 
tect coat (top coat) and the ITO thin film are provided 
and the resultant substrate is subjected to ITO pattern- 
ing, by repeating the same procedure as in said micellar 
disruption method. In this way, the desired color filters 
are obtained. 

The color filters of the present invention are excellent 
in light resistance, and when they are used in liquid 
crystal projectors, capable of withstanding the use of 
intensely bright light sources. These color filters are 
also resistant to the heat generated when the light is 
irradiated to the color filters From intensely bright hght 
sources. Accordingly, hquid crystal projectors of single ^ 
plate type usmg highly bright light sources will be made 
available with the advent of the color filters of the pres- 
ent invention. The liquid crystal panels for overhead 
projector and for car can use strong light sources be^ 
cause of the color filters of the present invention, to 
have higher reliability and a longer life. 

As set forth above, the color filters of the present 
invention are very advantageous to liquid crystal pro- 
jectors (liquid crystal television projectors, overhead 
projectors, video projectors and so on). Eventually one 
object of the present invention is to provide a liquid 
crystal projector using said color filter. 

The present invention will be described in more detail 
below by the following examples, which are not to be 
construed as limiting the scope of the invention to their 
details. 

PREPARATION EXAMPLES 1^12: 

Preparation of the Dispersion for Micellar Disruption 

Method ^ 

In 5 L (L= liter) of pure water, lithium bromide was 
placed in a concentration of 0. Imol/L and further 
thereto a surfactant comprising FPEG or FEST and a 
pigment in an amount and rado listed in Table 1 were 
mixed with stirring. Under the condition of a liquid 65 
temperature at 30* C.±5' C, the resultant mixture was 
dispersed for a period of time listed in Table 1 in the 
presence of ultrasonic waves by the use of a continuous 



ultrasonic dispensing device (RUS-600T, 600 W, pro- 
duced by NIHON Seiki Seisakusho), and then subjected 
to the treatments listed in Table 1, to prepare a disper- 
sion. The dispersion thus obtained was centrifiiged at a 
revolution and for a period of time as listed in Table 1 
by the use of an angle rotor (RPRlO-2, produced by 
Hitachi Koki Co., Ltd.) in a centrifuge (C20B2, pro- 
duced by Ifitachi Koki Co., Ltd.) under the condition of 
25* C, to classify the particles of pigments. This centri- 
fuge had a centrtfugal force of 12600X g at 9500rpm and 
6200Xg at SOOOrpm. The primary particles of pigment 
contained in the dispersions formed as above were ob- 
served for their particle size distribution by the use of a 
transmission electron microscope (H-800, produced by 
ifitachi, Ltd.). The results are given in Table 1 in terms 
of weight average particle size and the range of particle 
size distribution with respect to the primary particles. 

TABLE 1 



50 



30 



35 









Figment 


Surfactant 








concco* 


concen- 




Kinds of piemeiit 


tration 


tratxon 


Ex821iplc 


CLNo. 




(g/O 


(mmol/I) Kind 




PJt 168 


Monoligfat Red 


45.2 


9.05 






2Y^) 




FEST8 


2 


PJt 177 


Cfaromophthal 


22.6 


4.66 






Red A2Bl) 




FEST9 


- 


P.G. 7 


Fastgen Green 


29.7 


5.97 






S3) 




FFEG 




P.G. 36 


Heliogen Green 


29.7 


5.64 






L936li) 




FEST9 


- 


P.G. 36 


Heliogen Green 


29.7 


5.64 






L936l2> 




KEST9 




P.Y. 110 


Irugazine 


66.0 


12.3 






Yellow 2RLT^) 




FEST9 




p.Y. no 


Iiugazine 


66.0 


123 






Yenow2RLT') 




FEST9 




P.Y, 83 


Similar Fast 


33.0 


7.68 






Yellow 41813) 




FEST9 




P.Y.83 


Similar Fast 


33.0 


7.68 






Yenow418l5) 




FEST9 


iU 


P.B. 


Fastgen Blue 


13.8 


2-94 




150 


TGR?> 




FEST9 


1 1 
LI 


P.R 


Fastgen Bine 


55.0 


10.7 




15:6 


EP.73) 




FPEG 


12 


P.V.23 


Fastgen Super 


9.75 


2.34 






Violet 2RN3) 




FEST9 








Wdghl 


I Range of 








average particle 








particle size dis- 








sizc 


tribution 


Example 


Treatments 


(nm) 


(mn) 


1 


Ultrasonic wave, 18 hr.: 


82.3 


+23.5 -26.8 




Centzifugatioix, 9500 ipm. 








17.5 mm 








2 


Ultrasomc 


wave, 18 hr.: 


41.2 


+33.8 -262 




Centrifiigaticnv 9500 xpm. 








17.5 min. 








3 


Ultrasonic wave, 18 hr.: 


34.3 


+28.3 -25.7 




Centrzfugation, 9500 rpm, 








17.5 mm. 








4 


Ultrasonic wave, 24 hr.; 


2Z4 


+20.5 -133 




Centxifuga 


tion, 8000 rpm. 








17 J mitt. 








5 


Ultrasonic wave, 24 hr.t 


34.2 


+66.2 -25.6 




No centrifogation 








Ultxasonic wave, 24 hr.: 


52.4 


+4a2 -36.4 




No centrifiigation 






7 


Uhiasonic wave, 24 hr.: 


34.8 


+29.5 -21.1 




Centrifiigation, 9500 iptn. 








35.0 min. 








8 


Ultrasonic wave, 18 hr.: 


54.6 


+61.8 -45.1 




No centrifiigation 






9 


Ultrasonbtc wave, 18 hr.: 


39.45 


+34.5 -26.6 




CentrifugBtion, 9500 zpm. 








35.0 mia. 








10 


Ultrasonic wave, 12 hr.: 


44.95 


+24.9 -34.8 




Centrifiigation, 9500 rpm. 







17 

TABLE 1-ocmtinued 
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18 

TABLE 2-continued 



17 J min. 

Ulcasonic wave. 18 hr^ 48.5 +26.9 -302 

CmtriftigaTTon, 9500 cpm, 
35.0 mm. 

Ultzasoaic wave. 12 far.: 49.2 +34.1 -32.6 

CcAtrifugxtion, 9500 rpxUt 
17.5 sun. 



12 



18 


No treatment 


74.2 


+62.3 -44.3 


19 


Pressure 


60.2 


+31.4 -27J 




filtration 






20 


Pressure 


59.9 


+31.6 -26.9 




filtration 







Note: 

2>BASF Co. 

^AINIPPON INK ft CHEMICALS INC 
♦taCa 



*>aiB Gdgy Co. 

10 ^AINIFPONINKACHEBdICAJLS.INa 
*>rOYO INK MFG. CO.. LTO. 
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PREPARATION EXAMPLES 13-^20: 
Preparation of Resisting Agent for Dispersion Method 

ECA (ethyl cellosolve acetate), a dispersing aid, a 
sorbitan £atty add ester compoiind and a pigment were 
mixed and dispersed by a sandmiTI. Then, the mixture 
was subjected to the treatments listed in Table 2 to 20 
prepare a dispersion. The amount of the pigments added 
is smmnarized in Table 2, The pressure filtration was 
carried out by the use of a filter of Teflon having an 
average pore size of 0.45 ^m. 

The primary particles of pigment contained in the 25 
dispersion formed as above were observed for their 
particle size distribution by the use of a transmission 
electron microscope (H-800, produced by Hitachi, 
Ltd.). The results are given in Table 2 in terms of 
weight average particle size and the range of particle 30 
size distribution with respect to the primary particles of 
organic pigments. Furthermore, to 1 L of said disper- 
sion, 1 L of a solution of a resin of ultraviolet setting 
type dissolved in the ECA solvent (CT: produced by 
Fuji Hunt Electronics Technology Co., Ltd.; concen- 35 
tration of solids of 20% by weight) was added and both 
of them were mixed sufficiently to prepare a resisting 
solution. 



TABLE 2 



Concentration 



-40 



Example 


CLNo. 


Biruidssflic 


(g/1) 


13 


P.R. 177 


Chromophtfaal 
RedA2Bl} 


113 


14 


P.G.36 


Hdio^n Green 
L93612) 


149 


IS 
16- 


P.Y. 110 
P.Y. 110 


Irugazine 
Yellow 2RLT1) 
Inigazine 
Yellow 3RLTN0 


165 
145 


17 


P.Y. 139 


parioAol 
YeUow L1820^> 


124 


18 


P.Y. 139 


Pariothol 
YcUow L1820^) 


124 


19 
20 


P.B. 
15:6 
P.v,23 


Lionol Blue 
B-ES5) 

Fastgen Super 
Violet RN3) 


68 
48 







Weight 


Range of 






average 


partxde 






Particle 


size dist- 






size 


tribntion 


Example 


Treatments 


(nm) 


(nm) 


13 


Pressure 


93.7 


+28J -33.7 




filtration 






14 


Pressure 


45.3 


+24.7 -23.3 




filtration 






15 


Pressure 


45.2 


+29.5 -19.8 




filtration 






16 


No treatment 


118.4 


+68.2 -.42.5 


17 


Pressure 


58.4 


+31.6 -28.4 




filtration 







45 



50 



55 



60 
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EXAMPLE 1: 
Process for Patterning HO Substrate 

On a glass substrate having a face resistance of 200/0 
(blue plate glass, polished, silica-dipped material, pro- 
duced by Geomatec Co., Ltd.), a resisting agent of 
ultraviolet setting type (FH22130, produced by Fuji 
Hunt Electronics Technology Co., Ltd.) was spin 
coated at a revolution of lOOOrpm. After spin coatmg, 
said resist/rro substrate was prebaked at 80* C. for 15 
minutes, and then, set to an exposer. By the use of a 
mask for pattern of 1920 strips in length, 100 fim in line 
width, 20 fun in gap, 230 fim in line length, a high-pres- 
sure mercury lamp of 2kW, and with a proximity gap of 
70 fim, the substrate was subjected to an exposure at 120 
mJ/cm^. Then, the substrate was developed with a 
developer (FHD-5, produced by Fuji Hunt Electronics 
Technology Co., Ltd.), rinsed with pure water, and 
postbaked at 180° C. Next, an aqueous solution of IM 
FeCl3.6N HC1.0.1N HNO3.O.IN Ce(N03)4 was pre- 
pared as an etching solution, and ITO of said substrate 
was subjected to etching with the etching solution. The 
end point of etching was determined by electric resis- 
tance. Said etching took a period of about 20 minutes. 

After etching the substrate was rinsed with pure wa- 
ter, and the resist was removed with IN NaOH. 

Thus, no patterned glass substrates were prepared. 

Process for Forming Black Matrix 

Subsequently, as a resisting agent for forming a black 
matrix,a mixture of CK with CR, CG, and CB of Color 
Mosaic series (produced, by Fuji Htmt Electronics 
Technology Co., Ltd.) each in the amount of 3:1:1:1 by 
weight was used. The ITO patterned glass substrate 
formed as above was revolved at lOrpm, 30 cc of this 
resisting agent was sprayed on it, and then the revolu- 
tion of the spin coater was raised to 500 rpm, to form a 
uniform film on the substrate. The substrate after spin 
coating was prebaked at 80* C. for IS minutes. By the 
use of a mask designed for black matrix (90x310 ^m 
square.20 /jun in line width), while positioning adjusting 
with an exposer having a high-pressure mercury lamp 
of 2 kW and also alignment function, said substrate was 
subjected to exposure. As the hght source, a high-pres- 
sure mercury-vapor lamp of 2 kW was used, with a 
proximity gap of 70 }im, and subjected to exposure at 
lOOmJ/cm^. Then, the substrate was developed with an 
alkali developer. Then, Fuji Hunt CD (a developer) was 
diluted with pure water 4-fold, and the substrate was 
developed with the diluent again for 30 seconds, rinsed 
with pure water and postbaked at 200* C for 100 min- 
utes. 
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^ e n • Tx: almost unchanged before and after the irradiation of the 

Process for Prepanng Dispersion color- difference determined according to 

As the disperdon of R, the dispersion of Chromoph- TC-1800DAM (produced by Tokyo Denshoku Co., 

thai Red A 2B 0>n)duced, by Qba Geigy Co^ Ltd.) Ltd.) is expressed m terms of AT^ah of the Lab system 

prepared in Preparation Example 2 was used. 5 (JIS Z-8730 ). 

Also, as the mixed dispersion of G, the dispersion of 
Heliogen Green L9361 (produced by BASF Co., Ltd.) P ) Evaluation of Depolarizing Properties 
prepared in Preparation Example 4 was mixed with the Two polarizers running side by side were turned 
dispersion of Irugazine Yellow-2RLT (produced by around to proceed one polarized light in the direction 
Oba Geigy Co., Ltd.) in a ratio of 70:30 by weight, the lo forming an angle of 90' witii tiie direction of another 
mixture was dispersed for 30 minutes by the use of a polarized light, and the ratio of brightness before and 
ultrasonic homogenizer, and the ntixture thus homoge- after the turnabout (contrast) was found to be 2000. 
ni^ was used. ... Next, another piece of the color filter was placed be- 
Further, as the mixed dispersion of B, the dispersion ^ween these two polarizers. The polarizers were like- 
J^?SJ?l!itT?? ^^^^"^""^ pAEOT>PON 15 wise turned aromid to proceed tiie two polarized Ughts 
INK & CHEmCALS, INC) prepared m Preparation ^ directions forming an angle of 90 • one another 
f^^xf. ^? ^^^^^r^. u ^^^S?™^^ and the ratio of brightness before am! after the tum- 

"^^^ detent As the result, it was fomid 

^lE^CAl^^mC,) in a ratio of 80-.20 by weight and Khzdiht lowest ratio of brightness 

the resultant mixture was used, 20 of 909, to mark a striking contrast as compart with 

Process for Preparing Film of Coloring Matter conventional color filters. 

Into said dispersion of R, said ITO patterned sub- EXAMPLE 2: 

strate was dipped* and a potentiostat was connected to tji„„i, x>r-^^ 

line R of the stripe, subjected to a constant potential 25 Formation of Black Matrix 

electrolysis of 0.5V vs. SCE, for 25 minutes, to obtain a On an alkali-free glass substrate (NA45/300 square, 

thin film of color filter R. The thin film was washed l-I mm thick, produced by HOYA Co., Ltd.), O was 

with pure water, and baked in an oven at 100* C. for 15 sputtered to form a Cr thin film of about 2000A (SDP- 

minutes. 550VT, produced by Alback Co., Ltd). Further on it, a 

Next, this substrate was dipped into said dispersion of 3Q resisting agent of positive type (FH-2130, produced by 

G, and subjected to a constant potential electrolysis of Fuji Hunt Electronics Technology Co., Ltd.) was spin 

0.5V vs. SCE, for 20 minutes, to obtain a thin film of coated at a revolution of 1000 rpm. After spin coating, 

color filter RG. After film forming, the thin film was this resist/Cr/glass substrate was prebaked at 80* C. for 

subjected to the after treatment under the same condi- 15 minutes and then set to a stepper exposer. By the use 

tions as in R. 35 of a mask for picture element of 90 ftm X 3 10 fim, 20 /im 

Lastiy, this substrate was dipped into said dispersion in line width and a quarter of grill pattern having an 

of B and subjected to a constant potential electrolysis of effective area of 160 mm X 155 mm, the substrate was 

0.5V vs. SCE, for 15 minutes, to obtain a thin fflm of subjected to an exposure at an exposure capacity of 

color filter RGB. The thin film was subjected to the lOOmJ/cm^ and an scanning speed of 5 mm/second, 

after treatment under the same conditions as in R. Thus, ^ Then, the substrate was developed with an exclusive 

color filter fihns of RGB were prepared. developer, rinsed witii pure water and postbaked at 

. Formation of Protect Coat ^^^l??^"^ °^ Ha04.aiN 

^ _ ^ HNO3*0.1NCe(NO3)4was prepared as an etchmgsolu* 

Said substrate with the color fihn thereon was set to tion, and Cr of said substrate was subjected to etching 

a spin coater, and OS-808 (produced by NAGASE & ^5 ^ith the etching solution. The end point of etching was 

CO., LTD.) as a top coating agent was sprayed on it by determined by electric resistance. Said etching took a 

the use of a dispenser. Thereupon, the substrate was period of 20 minutes. After etching, the substrate was 

slowly revived at 10 ipm, to coat evenly all over the nnsed witii pure water, and tiie resist was removed witii 

substrate. Then, the revolution was raised and the sub- in NaOH. Said substrate was rinsed weU witii pure 

strate was revolvedat 800 rpm for 2 minutes to obtain a 5^ ^^ter, and tiius black matrixes (BM) were prepared, 
uniform thin film. The thm film was postbaked at 260' 

C. for 2 hours and cured. Thus, color filters RGB hav- Formation of Electrically Insulating Film and ITO 

ing protect coat were prepared. Thin Film Electrode 

Results of Evaluation Subsequentiy, on this BM, OCD TYPE-7 (silica, 

^ - ^ „ . 55 produced by Tokyo Ohka Kogyo Co., Ltd.) was spin 

(1 ) Evaluation of Light Resistance ^^^^ ^ ^ electrically insulating film at a revolution 

This color filter was broken into about 5cm-long of 1000 rpm, baked at 250* C. for 60 minutes and cooled 

pieces, and one piece of them was used to determine to room temperature. Then, the substrate was set to 

chromatidty coordinates for each color of RGB and SDP-SOOVT (produced by ULVAC Co., Ltd.), and 

spectral properties (FIG. 1) of said piece were measured 60 ITO was sputtered from above the substrate to form an 

according to TC-1800DAM (produced by Tokyo Den- ITO fihn of about 1700 A. Thereon, the ITO was ad- 

shoku Co., Ltd.). Then, the light was irradiated to this justed to have a surface resistance of 20fl/n at a work 

piece of the color filter at a illuminance of 1 ,000,000 lux temperature of 180* C. On this ITO film/Cr/glass sub- 

For 100 hours by the use of a metal halide lamp of 160 strate (NA45, 300 square, produced by HOYA Co., 

W. Thereon, the surface temperature was found to be 65 Ltd.), a resisting agent of positive type (FH-2130, pro- 

30* C. duced by Fuji Hunt Electronics Technology Co., Ltd.) 

The results are given in Table 3. It was found that the was spin coated at a revolution of 1000 rpm. After spin 

color diff^erence AEab of each color of RGB remained coating, this resist/ITO/Cr/glass substrate was pre- 
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baked at SO"* C for 15 minutes and set to a contact ex- 
poser. By the use of a mask for stripe pattern in length 
of 92 pm in line width, 18 pm in g^, 155 mm in line 
length, a high-pressure mercury lamp of 2 kW and 
while aligning, and with a proximity gap of 50 }im, the 
substrate was subjected to an exposure at 120mJ/cm2. 
Then, said substrate was developed with 2.1 wt % of 
TMAH (tetramethyl ammonium hydride) as an alkali 
developer, rinsed with pure water and postbaked at 
150" C Next, an aqueous solution of IM FeQa-lN 
HCL.0.1N HNO3.O.IN Ce(N03)4 was prepared as an 
etching solution, , and ITO of said substxate was sub- 
jected to etching with the etching solution. Said etching 
took a period of 20 minutes. After etching, the substrate 
was rinsed with pure water and the resist was removed 
with IN NaOH. Then, said substrate was rinsed with 
pure water, and no electrical leak was confirmed be- 
tween two adjacent ITO electrodes. Thus, substrates 
with ITO patterned BM were prepared. 
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Formation of Taken-out Electrode Mounting 

As a taken-out electrode mounting, an acryhc resist- 
ing agent (CT, produced by Fuji Hunt Electronics 
Technology Co., Ltd.) was used. 

The substrate having an ITO patterned BM as ob 
tained in the preceding process was revolved at 10 rpm, 
30 cc of said resisting agent was sprayed on it and the 
revolution of the spin coater was raised to 1500 rpm to 
form a uniform film on the substrate. This substrate was 
prebaked at 80" C. for 15 minutes. By the use of a mask 
designed to prepare only parts of taken-out electrode 
mounting (see FIG. 5), while positioning with a contact 
exposer having a high-pressure mercury lamp of 2 kW 
and also alignment function, said substrate was sub- 3^ 
jected to an exposure. Then, the substrate was devel- 
oped with a developer for 90 minutes, rinsed with pure 
water and postbaked at 180* C. for 100 minutes. Thus, 
substrates for manufacturing color filters were com- 
pleted. ^ 

Process for Preparing Dispersion 

As the mixed dispersion of R, the dispersion of Chro- 
mophthal Red A 2B (produced by Ciba Geigy Co.) 
prepared in Preparation Example 2 was mixed with the 45 
dispersion of Irugazine Yellow 2RLT (produced by 
Ciba Geigy Co.) prepared in Preparation Example 7 in 
a ratio of 65:35 by weight, and the resultant mixture was 
dispersed for 30 minutes by the use of a ultrasonic ho- 
mogenizer. Thus, the mixed dispersion of R formed as 50 
above was used. 

Also, as the mixed dispersion of G, the dispersion of 
Heliogen Green L9361 (produced by BASF Co.) pre- 
pared in Preparation Example 4 was mixed with the 
dispersion of Irugazine Yellow 2RLT (produced by 55 Examine 2 
Ciba Geigy Co.) prepared in Preparation Example 7 in 
a ratio of 70:30 by weight, and the resultant mixture was 
dispersed for 30 minutes, by the use of a ultrasonic ho- 
mogemzer, and thus, the mixed dispersion of G formed 
as above was used. 

Furthermore, as the mixed dispersion of B, the disper- 
sion of Fastgen Blue TGR (produced by D AINIPPON 
INK & CHEMICALS, INC.) prepared in Preparation 
Example 10 was mixed with the dispersion of Fastgert 



Process for Preparing Film of Coloring Matter 

Into said dispersion of R, said patterned ITO sub- 
strate was dipped, and a potendostat was connected to 
line R of the stripe, subjected to a constant potential 
electrolysis of 0.5V vs. SCE for 25 minutes, to obtain a 
thin film of color filter R. The thin film was washed 
with pure water and baked in an oven at 100* C. for 15 
minutes. 

Next, this substrate was dipped into said dispersion of 
G and subjected to a constant potential electrolysis of 
0.5V vs. SCE for 20 mmutes, to obtain a thm film of 
color filter RG. Then, the thin film was subjected to the 
after treatment under the same conditions as in R. 

Lastly, this substrate was dipped into said dispenion 
of B and subjected to a constant potential electrolysis of 
0.5V vs. SCE for 15 minutes to obtain a thin film of 
color filter RGB. Then, the thin film was subjected to 
the after treatment under the same conditions as in R. 

Thus, color thin films of color filter RGB were pre- 
pared. 



Formation of Protect Coat 

Subsequently, the RGB color filter substrate formed 
as above was revolved at 10 rpm, 30 cc of SS-7265 
(produced by Japan Synthetic Rubber Co., Ltd.) as a 
topcoating agent was sprayed on it and the revolution 
of the spin coater was raised to iOOO rpm to obtain a 
uniform film on the substrate (the color thin film of 
RGB color filter). Then, this thin film was postbaked at 
220' C for 50 minutes. 

Result of Evaluation 

The result of evaluation conducted in the same man- 
ner as Example 1 is shown in Table 3. 

EXAMPLE 3 AND COMPARATIVE EXAMPLE 1: 

The color filter was prepared in the same manner as 
in Example 2 except that the pigment dispersions pre- 
pared as listed in Table 3 were used in place of the 
micellar electrolytes of RGB. The result is shown in 
Table 3. 

TABLE 3 





Prepanitioii Example (Mixing Ratio by Wdjsht) 




R 


G 


B 


Example 1 


2(100) 


4/7(70:30) 


10/12(80:20) 


Example 2 


2/7(65:35) 


4/7(70:30) 


10/12(8050) 


Example 3 


1/7(65:35) 


3/7(70:30) 


10/12(80:20) 


Comp. 


2/7(65,35) 


5/6(85:15) 


10/12(80:20) 


Example 1 










Color diiTerence AEab (before/after) 




R 


G 


B Contrast 




0.7 


1.2 


1.1 909 


Example 2 


l.l 


a6 


1.3 nil 


Example 3 


1.0 




1.3 930 


Comp. 


1.2 


22.5 


1.3 — 


Example 1 
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EXAMPLE 4: 
Formation of Black Matrix 



On an alkali-free glass substrate (NA 45/300 square, 
1.1 mm thick, produced by HOYA Co., Ltd.), Cr was 
Superviolet 2 RN (produced by DAINIPPON INK & 65 sputtered to form a Cr thin film of about 2000A (SDP- 
CHEMICALS, INC.) prepared in Preparation Exam- 550VT, produced by ULVAC Co.), and further 
pie 12 m a ratio of 80:20 by weight, and thus, the mix- thereon a resisting agent of positive type (FH-2130, 
ture of B formed as above was used. produced by Fuji Hunt Electronics Technology c:o.. 
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Ltd.) was spin coated at a revolution of 1000 ipm. After a unifoxin film on the substrate. The substrate was pre- 

spin coating, said resist/Cr/glass substrate was pre- baked at 80* C for IS minutes. By the use of a mask 

baked at 80* C for 15 minutes and then set to a stepper designed for stripe of B, while positiouiag with an ex- 

exposer. By the use of a mask for picture element of 90 poser having a high-pressure mercury lamp of 2 kW and 

fimx3lO fun, 20 ^m in line width, a quarter of grill 5 also alignment function, said substrate was subjected to 

pattern having an effective area of 160 mmxl55 mm, exposure. Then, the substrate was developed for 30 

said substrate was subjected to exposure of i-line. The seconds with a developer which was prepared by dilut- 

exposure was carried out at a scanning speed of ing the Fuji Hunt CD (a developer) with pure water 

Smm/second and at an exposure capacity of 4-fold, rinsed with pure water and postbaked at 200* C 

120mJ/em2 and then the substrate was developed with 10 for 100 minutes. 

an exclusive developer. After being developed, said In this way, color filter thin films of RGB were pre- 

substrate was rinsed with pure water and postbaked at pared. 
150* C. Subsequently, an aqueous solution of IN 

HaO4.0.1N HNO3,0.1N Ce(N03)4 was prepared as an Formation of Protect Coat 

etching solution, and Cr of said substrate was etched 15 Next, the RGB color filter substrate formed as above 

with the etching solution. Said etching took a period of was revolved at 10 rpm, 30 cc of JSS-715 (produced by 

20 minutes. After etchmg, the substrate was rinsed with j^an Synthetic Rubber Co., Ltd.) as a topcoating agent 

pure water, and the resist was removed with IN NaOH. was sprayed on it and the revolution of the spin coater 

Saidsubstratewasrinsed well with pure water, and thus was raised to 1000 rpm to form a uniform fikn on the 

black matrixes (BM) were completed. 20 substrate (the RGB color thin fihn of color filter). 

Formation of electrically insulating Fihn the thin fihn was postbaked at 220* C. for 90 

minutes. 

Next, on this BM, CCD TYPE-7 (silica, produced by 

Tokyo Ohka Kogyo Co., Ltd.) was spin coated as an Result of Evaluation 

electricaUy insulating fihn at a revolution of 1000 rpm. 25 The result of evaluation conducted m the same man- 

This electricaUy insulating fihn was baked at 250* C ner as Example 1 is shown m Table 4. 
for 60 minutes and cooled to room temperature. 

^ Comparative Example 2 

Process for Preparmg Pigment-dispersed Resist and , . , 

Forming Film ^'^^ pr^ared m the same manner as 

in Example 4 except that pigment-dispersed resists pre- 

Said substrate having a CrBM was revolved at 10 pared as listed in Table 4were used in place of the pig- 

rpm, 30 cc of the resisting agent of R prepared in Prepa- ment-dispeised resist of Example 4. ITie results are 

ration Example 13 was sprayed on it and then the revo- shown in Table 4. Further, the chromaticity coordi- 

lution of the spin coater was raised to 500 rpm to form nates before (soUd Ime) and after (dotted line) the irradi- 

a uniform fihn on the substrate. The substrate was pre- 35 ation of light arc shown in FIG. 2. . 
baked at 80* C. for 15 minutes. By the use of a mask 

designed for stripe of R, while positioning with an ex- TABLE 4 
poser having a high-pressure mercury lamp of 2 kW and 
also alignment function, said substrate was subjected to 
exposure. Then, the substrate was developed for 30 40 
seconds with a developer which was prepared by dflut- 
ing the Fuji Hunt CD (a developer) with pure water 
4-fold, rinsed with pure water and postbaked at 200* C. 
for 100 minutes. 

Next, the dispersion of Preparation Example 14 was 45 
mixed with the dispersion of Preparation of Example 15 
in a ratio of 7:3 by weight to prepare the resisting agent 
of G. Said BM substrate having the R resist as formed 

above was revolved at 10 rpm, 30 cc of the resisting These results clearly demonstrate that, as the kinds of 

agent of G was sprayed on it and then the revolution of 50 organic pigments and their combinations, it is effective 

the spin coater was raised to 500 rpm to form a uniform to use the single C.I.P.R. 168, the smgle CLPJt 177, 

fihn on the substrate. The substrate was prebaked at 80* the mixed system pigment combining C.I.P.R. 168 with 

C. for 15 minutes. By the use of a mask designed for CLP.Y. 110 or the mixed system pigment combining 

stripe of G, while positionmg with an e3qx>ser having a C.LP.R 177 with CLP.Y. 110 for red (R); the mixed 

high-pressure mercury lamp of 2 kW and also aligimient 55 system pigment combining C.LP.G.7 or C.I.P.G.36 

fimction, said substrate was subjected to exposure. with CLP.Y. 1 10 for green (G) ; and the inixed system 

Then, the substrate was developed for 30 seconds with pigment combining C.LP.B. 15:3 or 15:4 or 15:6 with 

a developer which was prepared by dilutmg the Fuji CLP.V. 23 for blue (B).Examples 5 '-8: 

Hunt CD (a developer) with pure water 4-fold, rinsed To produce the color filter in green, the dispersions 

with pure water and postbaked at 200* C for 100 min- 60 of Preparation Example 4 and Prq)aration Example 7 

wtes. were mixed under the conditions listed in Table 5, to 

Subsequently, the dispersion of Preparation Example prepare a dispersion. Into this dispersion, a transparent 
19 was mixed with the dispersion of Preparation Exam- electrode substrate having a face resistance of 20fl/D(a 
pie 20 in a ratio of 9:1 by weight to prepare a resisting l.lt thick, blue plate glass, produced by Diomatech 
agent of B. Said BM substrate having the RG resists as 65 Co.) as an ITO fill was dipped, and a platimmi electrode 
formed above was revolved at 10 rpm, 30 cc of the was used as the counter electrode, subjected to a film- 
resisting agent of B was sprayed on it and then the forming treatment for 15 minutes at a potential of 0.5V 
revolution of spin coater was raised to 500 rpm to form vs. SEE, to form a fill of coloring matter. This color fill 



Preparation Example (Mizine Ratio bv Weiefat) 
KG B 


Example 4 
Coinp. 
Ezaxaple 2 


13 (100) 14/15 (70:30) 19/20 (90:10) 
13(100) 14/18(70:30) 19/20(90:10) 




Color difference AEab (before/after) 




R G B Contrast 


Example 4 
Comp. 
Kxample 2 


0.9 1.1 3.0 526 
1.0 39.4 2.9 432 
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substrate was washed well with pure water and dried. 
Said substrate was revolved at 10 rpm, 30 cx: of SS-7265 
(produced by Nippon Synthetic Rubber Co., Ltd.) as a 
topcoating agent was sprayed on it and the revolution 
of the spin coater was raised to 1000 rpm, to obtain a 
uniform coat on the thin fill substrate. The resultant 
substrate was postbaked at 220* C for 50 minutes. 

The thin fill substrate thus produced was determined 
for its the ratio (T4S5/T610) of the transmittance of 485 
nm (T4S5) to that of 610 nm (Teio)* the maximum trans- 
mittance (Ta£ax) of the color fill and the wavelength 
ascribed to said maxinium transmittance Q^max)* 
results are shown in FIG. 5. 

It was found that the transmitted ligiht at 485 mn or 
shorter was shielded by the shielding Capability of yel- 
low pigments and the transmitted light at 610 nm or 
longer was shielded by the shielding capability of green 
pigments and thus that the ratio of transmittance of 485 
nm to that of 610 nm was controlled to be 3.5 or less. 

It was also found that the green had the maximum 20 
transmittance of 60% or more and that the maximum 
transmittance of the green was assigned the wave- 
lengths in the range of 540 to 550 nm Q^max)- Thus, 
color films in green having ideal spectral properties can 
be obtained by choosing the appropriate pigments, ad- 
justing their mixing ratios and classifying ^eir particles. 



average particle size of 20 to 200 nm , said color films 
could have markedly improved light resistance by con- 
trolling the particle size distribution to be within ±35 
nm to obtain uniform particles. 

TABLE 6 
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TABLE 5 



Prqaaration Example 





(Mixing Ratio by Weight) 


T485 


T6I0 


Example 5 


4/7 (50:50) 


8.9 


15.9 


Example 6 


4/7 (60:40) 


7.9 


12.6 


Example 7 


4/7 (70:30) 


15.1 


5.1 


Example S 


4/7 osas) 


17.1 


4.9 




T485/T610 ^HAX{%) 




m) 


Example 5 


0,56 n 


548 




Example 6 


a.67 78 


545 




Example 7 


2.96 79 


543 




Example 8 


3.45 79 


540 





30 



35 



40 

EXAMPLES 9, 10 AND COMPARATIVE 
EXAMPLES3--6 

Into the micellar electrolytic dispersion listed in 
Table 6, a transparent electrode substrate having a face 45 
resistance of 20Q/O (a 1.1 1 thick, blue plate glass, pro- 
duced by Geomatec Co., Ltd.) as an ITO film was 
dipped, and a platinum electrode was used as the 
counter electrode, subjected to a fUm-forming treat- 
ment for a period of time listed in Table 6 at a potential 50 
of 0.5 V vs. SCE, to form a film of coloring matter. The 
dispersions used as above were fo\md to have the parti- 
cle size distribution whose typical examples are shown 
in FIG. 3A (Preparation Example Q and FIG. 3B 
(Preparation Example 7). 55 

The color film substrate formed as above was washed 
well with pure water and dried. Light resistance of the 
color fihn substrates thus produced was determined by 
using a xenon lamp of 13.5 kW and placing a substrate 
at a distance of 300 mm from the light source. Under the 60 
condition of substrate temperature at 70* C, said sub- 
strate was subjected to exposure for 100 hours at a visi- 
ble illuminance of 330,000 lux and at a ultraviolet illumi- 
nance of 130 W/m^ (300 to 400 mn), to determine the 
color difference before and after the exposure. The 65 
results are shown in Table 6. 

Where there was high transparency of color films 
because of the primary particles of pigment having an 







Film- 


Color 




Preparation Example 


forming 


difTerence AE^^ 




(Mijdng ratio 


time 


(before/ 




by weight) 


(min.) 


after) 


Comparative 


9 


2 


24.6 


Example S 








Comparative 


8 


3 


37.3 


Example 4 








Example 9 


7 


20 


4.3 


Comparative 


6 


15 


8.6 


Exainple 5 








Example 10 


4/7 (70-30) 


20 


1.7 


Comparative 


4/7<82J:173) 


25 


5.6 


Examples 









EXAMPLES 11, 12 AND CXDMPARAIWE 
EXAMPLES 7^10 

Into the micellar electrolytic dispersion listed in 
Table 7, a transparent electrode substrate having a face 
resistance of lOH/Q (a 1.1 1 thick, blue plate glass, pro- 
duced by Geomatec Co., Ltd.) as an ITO film was 
dipped, and a platinum electrode was used as the 
counter electrode, subjected to a film-forming treat- 
ment for a period of time listed in Table 7 at a potential 
of 0.5V vs. SCE, to form a film of coloring matter. This 
color film substrate was washed well with pure water 
and dried. 

Said substrate was revolved at 10 rpm, 30 cc of SS- 
7265 (produced by Japan Synthetic Rubber Co., Ltd.) 
as a topcoating agent was sprayed on it and the revolu- 
tion of the spin coater was raised to 1000 rpm, to form 
a uniform coat on the thin film substrate. The resultant 
substrate was postbaked at 220' C. for 50 minutes. 

Light resistance of the color film substrates thus pro- 
duced was determined by using a xenon lamp of 2.5 kW 
and placing a substrate at a distance of 90 mm from the 
light source. Under the condition of substrate tempera- 
ture at 120* C, said substrate was subjected to exposiire 
for 200 hours at a visible illuminance of 520,000 lux and 
at a ultraviolet illuminance of 1 70 W/m^ (300 --400 nm), 
to determine the color difference before and after the 
exposure. The results are shown in Table 7. 

Where there was high transparency of the color films 
because of the primary particles of pigment having an 
average particle size of 20 to 200 nm, said color films 
could have markedly improved light resistance by con- 
trolling the particle size distribution to be within 
±35nm to obtain the uniform particles. 

FIG. 4 shows the spectral transmittance of color films 
before (soHd line) and after (dotted line) the irradiation 
of light with respect to Example U(A) iud Compara- 
tive Example 9(B). 

EXAMPLE 13 AND COMPARATIVE EXAMPLE 
11 

A transparent glass substrate (a 1.1 1 thick, blue plate 
glass,produced by Diomatech Co.) was revolved at 10 
rpm, 30 cc of a pigment-dispersed resist listed in Table 
7 was sprayed on it and the revolution of spin coater 
was raised to 1000 rpm, to form a uniform coat on the 
thin film substrate. The resultant substrate was post- 
baked at 220" C for 50 minutes. 



27 



5,378,274 



Light redstance of the color film substrates thus pro- 
duced was determjned by using a xenon lamp of 2.5 kW 
and placing a substrate at a distance of 90 mm from the 
light source. Under the condition of substrate tempera- 
ture at 120' C, said substrate was subjected to exposure 
for 200 hours at a visible illuminance of 520,000 lux (380 
to 780 nm) and at a ultraviolet iUuminance of 70 W/m^ 
(300 to 400 nm), to determine the color difference be- 
fore and after the exposure. The results are shown in 
Table 7. 

Where there was high transparency of the color fihns 
because of the primary particles of pigment having an 
average particle size of 20 to 20(fun, said color films 
could have markedly improved light resistance by con- 
trolling the particle size distribution to be within ±35 
nm to obtain the uniform particles. 

TABLE 7 
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EXAMPLES 14, 15 AND COMPARATIVE 
EXAMPLES 12-15 



35 



Into the micellar electrolytic dispersion of the Prepa* 
ration Examples listed in Table 8, a transparent elec- 
trode substrate having a face resistance of 20ft/D (a 1.1 40 
t thick, blue plate glass, produced by Geomatec Co., 
Ltd.) as an ITO film was dipped, and a platinum elec- 
trode was used as the counter electrode, subjected to a 
film-forming treatment for a period of time listed in 
Table 8 at a potential of 0.5 V vs. SCE, to form a film of 45 
coloring matter. This color film substrate was washed 
well with pure water and dried. 

Said substrate was revolved at 10 rpm, 30 cc of SS- 
7265 (produced by Japan Synthetic Rubber Ck)., Ltd.) 
as a topcoating agent was sprayed on it and the revolu- 50 
tion of the spin coater was raised to 1000 rpm, to form 
a uniform coat on the thin film substrate. The resultant 
substrate was postbaked at 220* C. for 50 minutes. 

Light resistance of the substrates thus produced was 
determined by using a metal halide lamp of 160 W and 
placing a substrate at a distance from the light source to 
obtain the following illuminance. Under the condition 
of substrate temperature at 70' C, said substrate was 
subjected to exposure for 500 hours at a visible illumi- 
nance of 1,000,000 lux , to determine the color differ- 
ence before and after the exposure. The results are 
shown in Table 8. 

Where there was high transparency of the color films 
because of the primary particles of pigment having an 
average particle size of 20 to 200 nm , said color fdms 65 
could have markedly improved light resistance by con- 
trolling the particle size distribution to be within ±35 
nm to obtain the uniform particles. 
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EXAMPLE 16 AND COMPARATIVE EXAMPLES 
16-4 18 

A transparent glass substrate (a l.lt thick, blue plate 
glass,produced by Geomatec Co., Ltd.) was revolved at 
10 rpm, 30 cc of a pigment-dispersed resist listed in 
Table 9 was sprayed on it and the revolution of the spin 
coater was raised to 1000 rpm, to form a uniform coat 
on the thin film substrate. The resultant substrate was 
postbaked at 220* C. for 50 minutes. 

Light resistance of the color film substrates thus pro- 
duced was determined by using a metal halide lamp of 
160 W and placing a substrate at a distance from the 
light source to obtain following illuminance. Under the 
condition of substrate temperature at 70*" C., said sub- 
strate was subjected to exposure for 500 hours at a visi- 
ble illuminance of 1,000,000 lux , to determine the color 
difference before and after the exposure. The results are 
shown in Table 9. 

Where there was high transparency of the color films 
because of the primazy particles of pigment having an 
average particle size of 20 to 200 nm, said color filmg 
could have markedly improved light resistance by con- 
trolling the particle size distribution to be within ±35 
nm to obtain uniform particles. 

TABLE 9 
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EXAMPLE 17 

Preparation of Color Liquid Crystal Display 

On the surface of a color film substrate having a 
protect CO prepared in Example 2, ITO was subjected to 
masking vapor depos ion to form an ITO film. At this 
step, the substrate temperature was maintained at 250** 
C. to obtain an ITO film of llOOA having a face resis- 
tance of 20X1/P, and thus, color filters were obtained. 
On the surface of this color filter substrate, a polyamic 
add resin monomer was spin coated by repeating the 
same procedure as in the resists. Then, said resin mono- 
mer was cured at 250* C. for 1 hour into polyimide 
resin, and was subjected to rubbing. After rubbing, 
between this resin-coated color filter and the above- 
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mentioned color filter, glass beads and TN liquid crystal present invention are applicable to and highly useful in 

were put in in this order, sealed with an adhesive, to a very wide segments of industry, 

complete the panel After a taken-out electrode mount- We claim: 

ing a driver IC was connected to FPQ and polarizers 1- ^ color filter having a film of coloring matter in 

were adhesively bonded to both the surfaces, TFT was ^ primary colors of red, green and blue which 

tngHp- to work, to confinn good hquid crystal drive. comprises organic pigments to form the fihn of coloring 

The panel formed as above was set to a hght source ^ ^^"^ ^^^^ pigments 

comprising an optical lens having the capacity of comprised of primary particles having an average 

1,000,000 lux, to project by the use of a 100 inch screen. Particle size of 20 to 200 nm and a parti^ size dis^ 

Images were projected for 1000 hours, and then each f T^^ ^ * difTeren^ of 5 or 

picture element was determined for its color purity, ^^f ^ organic pigments as contamed m said 

with the results that R was 92% initially and 92% af^^ "^^^^ ^^^.^ '""^^"^^ ^^^f^"" ^""^ ^^J'''^ °' 

"T/w • • J 11 TTIJ^V • ^ ^ illuminance of 100,000 lux or more by the use 

projection; G was 70% mi^y and 69% after projec- of a highly bright Ught source for projection imder the 

ton; ami B was 79% initially and 79% after projection. 55 condition of a surface temperature at 50' C or higher. 

Thus, color detenoration was hardly observed. 2. A color filter having films of coloring matter com- 

Industrial Applicability prising organic pigments in each of the three primary 

colors of red, green and blue, wherein the color film in 

The present invention provides the color filters hav- green has a ratio (jAis/Teio) of the transmittance of 485 

ing color fihns in the three primary colors of RGB, 20 nm (T485) to that of 610 nm (T610) of 3.5 or lass, the 

capable of withstanding the use of highly bright light marimiiTn transmittance (jAfAJd Slni of coloring 

sources and further excellent in light resistance and heat matter in green is 60% or more and said 

resistance. Particularly, being manufactured according transmittance is assigned the wavelengths in a range of 

to the miceliar disruption method, these color filters are 540 to 500 nm (Kmax)- 

exceUent in spectral properties and depolarizing proper- 25 3. The color filter as defined in claim 1 or 2, wherein 

ties, and further superior in light resistance and heat C.L Pigment Yellow 1 10 is used as a yellow pigment to 

resistance as they are ftee of binder resins. adjust the color tone of either or both of red and green 

With their excellent Hght resistance, when used in ^® organic pigments. 

Hquid crystal projectors, the color filters of the present The color filter as defined in claim 2, wherein a 

invention will enable said Uquid crystal projectors to mixture of C.L Pigment Yellow 110 and CI. Pigment 

withstand the use of strong Hght sources. Liquid crystal Green 36 is used as a pigment to adjust the color tone of 

projectors of single plate type which are resistant to the organic pigments, 

heat generated when intensely bright light sources are ^ ^\ ^^^^ ^ ^ claim 1 or claim 2 

appHed to color filters will also come true with the ^Y^^ a fihn of coloring matter m the three primary 

color filters of the present invention. When the color ^^"^ compnses a red (R) 

filters of the present invention are incorporated mto matter compnsmg a smgle P.L Pigment Red 

them, overh«^ projectors and internal l^nd crystal Ifl^l! .^i^* ^^'""'^^ 

panels for car ^ be capable of using strong Hght ^f^^t v n^^fn I 

^ , , J . . * ^"r Pigment Yellow 110 or a mixed system pigment com- 

mprovcment m rehabtoy and ^ ^iTg CI. Hgment Red 177 with C.L Pi^i^t Yeflow 

^ , . . ^ 110; a green (G) coloring matter comprising a mixed 

The CO or filters of the present mvention can find system pigment combining at least one compound se- 

good apphcanons m, for example, color FLC hquid lected from the group consistmg of CX Pigment Green 

crystal panels, color personal computers of lap top type, 7 and qI. Pigment Green 36 with CI. Pigment YeUow 

color word processors, color work stations, color au- 45 UO; and a blue (B) coloring matter comprising a mixed 

rora visions, Hquid crystal color projectors, Hquid crys- system pigment combinmg at least one compound se- 

tal color television sets, Hquid crystal color OHPs, color lected from the group consisting of CI. Pigment Blue 

internal panels for car, color device monitoring appara- 15:3, 15:4 and 15:6 with CL Pigment Violet 23. 

tuses and so forth. Eventually the color, filters of the ♦*«»». 

50 
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[57] ABSTRACT 

A technique related to color filters to be arranged on 
the light-receiving surface of a color liquid crystal dis- 
play device, color video camera, and the like. The color 
filter consists of a substrate (10) and a colored filter 
layer (12) formed thereon. The colored filter layer (12) 
comprises, for example, three groups of filter picture 
elements (14R), 14G, 14B) having spectral characteris- 
tics respectively corresponding lo red. green and blue. 
Each group of filter picture elements are made of poly- 
imide resin and dye contained therein. Further, each 
group of the filter picture elements (R, G, B) are ar- 
ranged in direct contact with one surface of the sub- 
strate (10) without using any intermediate protecting 
film. The first group of filter picture elements patterned 
on one surface of the substrate (10) are subjected to heat 
treatment at a high temperature of about 250' C, for 
example, to increase their resistance against the solvent. 
Then, a second coating layer for patterning the second 
group of filter picture elements is directly formed with- 
out using any intermediate protecting film, 

13 Qaims, 2 Drawing Sheets 
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COLOR nLTER 

This is a continuation of copending application(s) Ser. 
No. 07/323,289 filed on Mar. 14, 1991, now abandoned, 
which is a division of 06/921.047. filed on Sept. 19. 
1986. now U.S. Pat. No. 4,837.098. 

FIELD OF THE INVENTION 

This invention relates to a color filter adapted to be 
arranged on a light-receiving surface in a color LCD 
device, a color video camera or the like, and more par- 
ticularly 10 a color filter employing a polyimide having 
various excellent resistances such as thermal resistance, 
chemical resistance and light resistance. The invention 
also relates to a method of producing such a color filter. 

PRIOR ART 

A color filter of this type comprises a substrate such 
as a light -transmitting glass plate, and a color filter layer 
formed on one surface of the substrate. The color filter 
layer has not less than two groups of filter picture ele- 
ments which are different in spectral characteristics 
from each other, and generally has three groups of filter 
picture elements corresponding respectively to red, 
green and blue. Each group has a number of filter pic- 
ture elements having a fine pattern such as a mosaic 
pattern and a stripe pattern. 

It is already known to use polyimide for forming the 
color filter. For example. Japanese Patent Application 
Laid-open No. 58-46326 discloses a technique of coat- 
ing each group of filter picture elements with poly- 
imide. Japanese Patent Application Laid Open No. 
59-29225 discloses a method of forming groups of filter 
picture elements to form a color filter layer in which 
after a polyimide layer is subjected to patterning, the 
groups of filter picture elements thus patterned are dyed 
in predetermined colors. 

FIG. 1 shows a fiow chart of a method of producing 
a color filter using the latter technique which color 
filter has three groups of filter picture elements corre- 
sponding respectively to red, green and blue and light- 
intercepting layers of a black color each disposed at a 
boundary between each adjacent filter picture elements. 
As shown in this Figure, with the conventional tech- 
nique using dye requires, dying steps and patterning 
steps are carried out separately, and therefore this 
method has an increased number of steps and is compli- 
cated. In addition, since the polyimide layer subjected 
to patterning is at least in a semi-cured condition, it is 
difficult to disperse the coloring material uniformly and 
sufficiently into the polyimide layer. Thus, this method 
has such disadvantages. 

To overcome the above disadvantages, the inventors 
of the present invention have proposed a method in 
Japanese Patent Application No. 59-201319 in which a 
coaling layer for forming one of the groups of filter 
picture elements is formed using a coating solution con- 
taining a polyimide precursor solution and a coloring 
agent, the coating layer being then subjected to pattern- 
ing by means of photolithography. FIG. 2 shows a flow 
chart of this method, and it will be appreciated that this 
method is considerably simplified in comparison with 
the method of FIG. 1. 

According to the above method proposed by the 
present inventors, each group of filter picture elements 
can be formed relatively easily. However, each time 
each group of filler picture elements are to be formed, 



an intermediate protective layer must be formed to 
protect the precedingly-formed group of picture ele- 
ment. The same procedure is also required for the con- 
ventional process of FIG. 1. 

5 The formation of such an intermediate protective 
layer not only makes the production of the color filter 
complicated but also makes the overall thickness of the 
color filler greater. In addition, this adversely affects a 
flatness of a surface of the color filler, which affects 

10 display characteristics and thinness of a flat panel dis- 
play such as a color LCD device. 

In order to overcome the above problems, the present 
inventors have aimed at eliminating the intermediate 
protective layer and made extensive study and found 

15 ihe following. 

When the second group of filter picture elements are 
formed without coating the first group of the filler 
picture elements with the protective layer, each filter 
picture element of the first group is damaged when the 

20 coating solution for forming the second group of filter 
picture elements is applied, but is hardly damaged at the 
time of etching for forming the pattern. The word 
"damage" here means that the first or preceding group 
of filter picture elements are subjected to cracks and 

25 wrinkles, and that the coloring material in the filter 
picture element dissolves therefrom, and that the filter 
picture element itself dissolves. It is thought that such 
phenomena are caused a solvent contained in the coat- 
ing solution for forming the second group of filler pic- 

.^0 lure elements. 

DISCLOSURE OF THE INVENTION 

It is an object of this invention to provide a color 
filter which eliminates the use of the above-mentioned 

35 intermediate protective layer, and enables a flatness of a 
surface of the color filter, and can make the overall 
thickness of the color filler smaller. 

Another object of this invention is to provide a 
method of producing a color filter in which the above- 

40 mentioned intermediate protective layer can be omitted 
by impaning solvent-resistance, that is, a resistance to a 
solvent which solves a polyimide precursor solution, to 
the precedingly-formed group of filter picture elements. 
A further object of this invention is to provide a 

45 technique of producing a color filter in which a dye 
which is soluble in the polyimide precursor solution is 
used as a coloring agent for coloring the polyimide, so 
that the coating solution has a uniform tinting and excel- 
lent coating properties. 

50 The color filter according to the present invention of 
which cross-section is shown in FIG. 3 comprises a 
substrate 10 such as a light-transmitting glass plate, and 
a color filter layer 12 formed on one surface of the 
substrate 10. The color filter layer 12 comprises, for 

55 example, three groups of filter picture elements 14R, 
14G and 14B having respective spectral characteristic^ 
corresponding respectively to red, green and blue. Each 
group has a number of filler picture elements R, G and 
B. The size of each fitter picture element varies depend- 

60 ing on the size of a light-receiving surface. For example, 
in a color liquid crystal television of a small size, the 
filter picture element has a square shape of a mosaic 
pattern one of longitudinal and transverse sides of 
which has several tens to several hundreds pim. Thus, 

65 the picture elements are arranged on the one surface of 
the substrate 10 in a matrix manner, and the arrange- 
ment is usually such that each adjacent filter picture 
elements have different colors, that is, difierent spectral 
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characteristics. As cross-sectionally shown in FIG. 4 
and as in FiG. 3. lighl-iniercepiing layers 16 for inter- 
cepting light may be disposed at boundaries between 
adjacent filter picture elements R. G and B of the three 
groups 14R. 14G and 14B. The light-intercepting layers 
assumes a grid-like shape. 

The filter picture elements R. G. B of each of the 
groups 14R, 14G and 14B are arranged on the one sur- 
face of the substrate in direct contact therewith. The 
thickness of the layer of each filter picture element R. 
G, B varies depending on the color strength to be de- 
sired. For example, it is approximately 0.5 to 2.0 ^m. 
and preferably it is approximately 0.75 to 1.5 /im. 
Therefore, the difference in the layer thickness between 
the different filter picture elements is almost negligible, 
and the surface of the color filter 12 according to the 
present invention is flat and the color filter is thin as a 
whole. Other than an ordinarily-used glass plate, other 
light-transmitting material, such as a plastics plate, a 
flexible plastics film and a semi-conductor board incor- 
porating electric elements, is used as the substrate 10. In 
a color LCD device, a transparent electrode layer con- 
stituting one of a common electrode and a picture ele- 
ment electrode is formed on one side of the color filter. 
In the case where the transparent electrode layer *is 25 
formed on the underside of the color filter, the transpar- 
ent electrode layer is. of course, pre-formed on the one 
surface of the substrate 10. 

Each of the filter picture elements R. G and B com- 
prises polyimide having excellent thermal resistance 
and light resistance, and a dye retained therein. It is 
preferred that the polyimide is excellent in transparency 
in order not to affect a light-transmitting ability re- 
quired for the color filler. It is also preferred that the 
dye for effecting the coloring is excellent in thermal 
resistance and has an excellent solubility to the poly- 
imide. Other than dye. the use of pigment for coloring 
the polyimide may be considered. However, in the case 
of pigment, the pigment is in the form of panicles hav- 
ing a panicle size, for example, of about 0. 1 to 0.3 ^m, 
and is liable to produce secondary panicles, thereby 
increasing the particle size, so that it is difficult to dis- 
perse uniformly in the polyimide. In addition, the dis- 
persed solids cause uneveness and stripes in the coating 



be made by mixing two or three kinds of dyes together, 
and it is preferred that the amount of the dye used is as 
much as possible to provide a high color strength. How- 
ever, if the amount is unduly excessive, there is encoun- 
tered the disadvantage that the dye escape into the 
photoresist at a later step, a release agent for releasing 
the photoresist, and the subsequent upper coating layer. 
Therefore, preferably, the amount should be increased 
to such an extent than the dye will not escape. It is 
appropriate that the amount of dye used is equal to that 
of the polyimide in terms of weight 9c. 

In the present invention, the temperature of the heat 
treatment for the precedingly-pattcmed filter picture 
elements, that is. the temperature of-the post-baking is 
as high as possible so long as the thermal resistance of 
the dye is maintained, thereby promoting the conver- 
sion of the polyamic acid into the polyimide. 

The conversion of the polyamic acid into the poly- 
imide proceeds when the polyamic acid is dehydrated 
20 and is subjected to ring closure. The degree of proceed- 
ing becomes higher as the temperature of the heat treat- 
ment becomes higher. As to the polyimide of the heat- 
dehydration type, if the conversion is not carried out at 
a heat treatment temperature of about 400* C, the con- 
version is not complete. However, since the coating 
layer for forming the filter picture elements is formed 
by adding the coloring dye to the polyimide precursor 
solution, the upper limit of the temperature of the post- 
baking is limited by the thermal resistance of the dye. 
Therefore, it is preferred that dye of the type which can 
be well mixed in the polyimide precursor solution and 
has a high thermal resistance is used as the coloring dye. 
Suitable examples of such dyes are shown in Table 1 
below. In Table 1, the thermal resistance of 250* C. 
means that when the heat treatment is carried out at 
250' C. for a long time, the dye is somewhat subjected 
to fading but is practically usable. And, the thermal 
resistance of not less than 250* C. means that when the 
heat treatment is carried out at 250' C. for a long time, 
the dye is not subjected to any deterioration such as 
fading. 
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filter picture elements is formed. On the other hand, the 
use of dye eliminates such problems. The polyimide can 
be easily patterned by means of photolithography 
which uses a photoresist as a mask. In this case, the 
polyimide is prepared as a polyimide precursor solution. 50 
The polyimide precursor solution comprises a solvent 
of a high polarity such as N-methyl-2-pyrrolidone and 
polyamic acid as polyimide precursor. Commercially- 
available and easily-available polyimide precursor solu- 
tion is, for example, a stock solution of high viscosity of 55 
about 1200 centipoise. This highly-viscous solution can 
be diluted using N, N-dimethyl acetamide, N, N- 
dimethyl formamide, N-methyl-2-pyrroIidone, cycloxa- 
none, carbitol derivatives, or cellosolve derivatives. For - 
example, it can be adjusted to a suitable viscosity of 60 
several tens to several hundreds centipoise suited for a 
rotary coating operation. The dye can be sufficiently 
dissolved in such a solvent, so that it can be dispersed in 
the polyimide precursor solution easily and uniformly. 
In addition, when forming the coating layer, the dye 65 
having a solubility will not cause the above problems 
encountered with the pigment. The dye for each group 
of filter picture elements can be one kind of dye or can 



TABLE 1 






(colorinc dvesJ 




Color 


Kind 


Color index name 


iherma] resistance 


Vellow 


Azo dye 


Solvcni Yellow IQ 


250' C. 






Solvent Vellow 21 


not less than 250' C. 






Solvent ^ ellow 77 


250' C. 






Solveni Vcllnw 8.^ 


noi less than 250* C. 


Red 


Azo dye 


Solvent Red 122 


not ies& than 2S0' C. 




Antraquinone 




not less than 250* C. 




dye 






Blue 


Antraquinone 


Acid Blue 120 


250* C. 




dye 








Azine dye 


Solveni Blue 49 


250* C. 




Phtalocyanine 


Solvent Blue 25 


not less than 2S0' C. 




dye 








Triphenyl- 


Acid Blue 9 


not less than 250* C. 




methane dye 






Black 


Azo dye 


Add Black 155 


DDI less than 250* C, 



With respect to those dyes having a relatively low 
thermal resistance, it is preferred that a resin-surface 
modifier is added to the coating solution so as to impart 
water repellency and oil repellency to the surface of the 
coating layer. The resin-surface modifier imparts sol- 
vent resistant to the groups of filter picture elements 
and a block polymer having a functional segment hav- 
ing an excellent migration of resin like a perfluoroalkyl 
group and having water repellency and oil repellency. 
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A block poKiner of vinyl monomers having, in addition 
lo a functional segment, a compatible segment compati- 
ble with polyimide like an acrylic polymer is particu- 
larly preferred since the water and oil repellency is 
semi-permanent. Further, as the resin-surface modifier, 
a graft polymer of a functional comb shape which is 
synthesized by a copolymer of a macro monomer and a 
functional monomer and has an excellent interface- 
migrating propeny can be used. Further, as the resin- 
surface modifier, a mixture of a graft polymer of a func- 
tional comb shape and the above block polymer. The 
amount of the resin-surface modifier is usually 1 to 3%. 
If this amount is increased, the water and oil repellency 
is enhanced, but for example, if the amount is 5 to 10%, 
the uniformity of the coating layer for forming the 
groups of filter picture elements is lowered. Therefore, 
it is preferred that the amount is in such a range as not 
to lower the uniformity of the coating layer. 

As is shown in a flow chart of the method of the 
present invention in FIG. 5, steps of forming intermedi- 
ate protective layers for protecting the precedingly- 
formed groups of filter picture elements are totally 
omitted. When the light-intercepting layers and the 
groups of filter picture elements are all heat treated at 
high temperatures, so that the solvent resistance is suffi- 
ciently enhanced, a transparent protective layer cover- 
ing the uppermost layer of the color filter, i.e., a top 
coat, can be omitted. 



-continued 
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Polvimidc prtfcuror solution- 


• r 


(Scmicofinc manufuciurcd hv Torav InduMri^N. Inc.l 




Mcihvl CfllrKolvc 


7.5 p 


Silanc (."ouplinc aQcni 


0.02 c 


(Group of red fihcr picturf elcmcnis I4R| 




Acid red 25' 


0.5 g 


PoKimidc precursor sniuiinn 


5.0 g 


(Semicortnc manufaciured by Toniy InduMrits. Inc.) 




Meihyl cellosoKc 


8.5 g 


SiUnc coupling ageni 


002 g 


Resin-surface modiner 


O02 g 


(Group of ereen filler picture elemenis UG) 


Solvent yellow 77 


0.5 g 


Acid blue 7 


0.5 g 


Polyimide precursor solution 


5.0 g 


(Semicorme manufaciured by Toray Industries. Inc.) 




Meihyl ccllosoKc 


8.5 g 


Silane coupling agent 


0.02 g 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow chart of a process utilizing a conven- 
lional dyeing method: 

FIG. 2 is a flow chart of the earlier-proposed process; 

FIG. 3 is a cross-sectional view of a color filter ac- 
cording to one embodiment of the present invention: 

FIG. 4 is a cross-sectional view of a color filter ac- 
cording to another embodiment of the present inven- 
tion: and 

FIG. 5 is a flow chart of the process according to the 
present invention. 

THE PREFERRED EMBODIMENT OF THE 
INVENTION 

The three groups of filter picture elements 14R. 14G 
and 14B having the respective spectral characteristics 
corresponding respectively to red, blue and green as 
well as the grid-like light-intercepting layer 16 were 
formed on the one surface of the substrate 10 of a glass 
plate under the following conditions to form the color 
filter of FIG. 4 for use in a color LCD device. No dam- 
age of a nature mentioned above was found in the light' 
intercepting black layer 16, the group of blue filter 
picture elements 14B and the group of red filter picture 
elements 14R, and the color filter thus obtained was of 
a good quality although it had no intermediate protec- 
tive layer. Compositions of the coating solutions arid the 
formations of the groups of filter picture elements 14R, 
14G and 14B are as follows: 



COATING SOLUTIONS 
(Lipht'intercepiinc laver 161 
Solvent black 

Polyimide precursor solution 

(Semicofine manufaciured by Toray Indusiries. Inc.) 

Meihyl ccllo>olve 

Silane coupling ageni 

(Group of blue filter picture elemeniv 14B| 
Acid blue \29 



1.0 g 
5.0 g 

15.0g 
0.02 g 

0.52 g 



Each of the coating solutions, before being applied, 
20 was passed through a filter having a pore size of 0.5 ftm 
to remove foreign matters. 

(a) FORMATIONS OF PATTERNS 
Each of the above coating solutions was applied by a 

spinner for 60 to 90 seconds, the spinner rotating at a 
speed of 1000 rpm. Then, the coating layer was left at 
room temperatures for 30 minutes for leveling purposes. 

(b) FIRST PRE-BAKING 

The substrate 10 was placed on a hot plate heated to 
120' to 170' C. and dried for 3 to 15 minutes. 
.^0 (c) COATING OF PHOTORESIST AND EXPO- 
SURE TO LIGHT 

Positive-type photoresist was applied by a rotary 
coater and dried by a hot plate at a temperature of 125' . 
C. for 3 minutes and then was exposed through a photo- 
35 mask to uhraviolei light emitted from an ultra-high 
pressure mercury vapor lamp. The energy of the expo- 
sure was 80 mJ/cm-. 

(d) DEVELOPMENT AND ETCHING 

The development was carried out using a developer 
40 of aqueous sodium hydroxide of 0.1 to 0.3N, and the 
coating layer was subjected to etching. 

(e) RELEASE OF PHOTORESIST 

Those portions of the photoresist not exposed to the 
light were removed using cellosolve acetate. 
45 (0 POST-BAKING 

The heat treatment was carried out in the air at 250* 
C. for 30 to 60 minutes. 

The above steps were carried out for each color to 
complete the above color filter. 

INDUSTRIAL APPLICABILITY 

As described above, the present invention is suited 
for the color filter for color display or color separation 
for use in a color LCD device, a color video camera and 
55 the like, and particularly is best suited for such a device 
having picture elements of a high density and such a 
device having a large light-receiving surface since the 
flatness of the color filter surface and the reduction of 
the thickness of the color filter are achieved. 
60 What is claimed is: 

1. A color filter adapted to be placed on a light- 
receiving surface comprising: 
(a) a substrate having one surface parallel to the light- 
receiving surface; and 
65 (b) a color filter layer formed on said one surface of 
said substrate; 
said color filter layer comprising not less than low 
groups of niter picture elements having different 
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spectral characierisiics. each of groups being com- 
posed of a number of said filter picture elements, 
each of said filter picture elements of each group 
comprising a polyimide and coloring dye retained 
in said polyimide. and each filter picture element 
being disposed in direct contact with said one sur- 
face of said substrate, said color dye being of a 
relatively high solubility in the polyimide polymer 
which provides the filler element with excellent 
transparency, excellent coating properties and uni- 
form tinting, said dye having thermal resistance of 
at least 250' C. 

2. A color filter according to claim 1, in which said 
substrate is a light-transmitting plate. 

3. A color filter according to claim 1, in which said 
substrate has a transparent electrode layer on said one 
surface thereof. 

4. A color niter according to claim 1, in which each 
of said filter picture elements is a square shape, said 
filter picture elements being arranged in a matrix man- 
ner. 

5. A color filter according to claim 4, in which each 
adjacent filter picture elements in both transverse and 
longitudinal directions have different spectral charac- 
teristics. 



6. A color filter according to claim 1. in which there 
are provided three groups of filter picture elements 
having respective spectral characteristics correspond- 
ing respectively to red, green and blue. 
5 7. A color filter according to claim 6. in which a 
light-intercepting layer is disposed at a boundar>* be- 
tween each adjacent filler picture elements of said three 
groups. 

8. A color filler according to claim 7, in which said 
10 light-intercepting layer comprises polyimide and black 

dye retained in said polyimide. 

9. A color filter according to claim 7, in which said 
light-intercepting layer is disposed in direct contact 
with said one surface of the substrate. 

15 10. A color filler according to claim 1, in which a 
transparent protective layer is applied to an upper sur- 
face of said color filter layer. 

11. A color filter according to claim 2, in which said 
substrate has a transparent electrode layer on said one 

20 surface thereof. 

12. A color filter according to claim 8, in which said 
lighi'intercepting layer is disposed in direct contact 
with said one surface of the substrate. 

13. A color filter according to claim 7. in which a 
25 transparent protective layer is applied to an upper sur- 
face of said color filter layer. 

***** 
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[57] ABSTRACT 

A broad spectrum light absorbing medium to be coated . 
over photosensitive layers, such as a photoresist for 
integrated circuit ^'chips'* to act as a true surface for 
autofocus of the camera used to expose the photoresist 
The product may also be used where a light imperme- 
able, high contrast or black coating is needed, such as, 
in liquid crystal displays and light emitting diodes, pho- 
todiodes, solid state lasers, or patterning apertures on 
light-wave modulators. The coating absorbs light from 
200 to 1000 nanometers. The coating has a polymer 
vehicle which can form a tightly adhering, thin, smooth 
and uniform coating. The coating includes a light ab- 
sorbing dye. This light absorbing layer may be imagea- 
ble. 

20 Oaims, No Drawings 
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layer such as an indium-dn-oxide on a part of the device 
LIGHT ABSORBING COATING which should appear optically daiicer. These layers are 

very limited in that they work only over a relatively 
This is a continuation-in-part of U.S. patent applica- narrow band of wavelengths and they require a more 
tion Ser. No. 638»258 filed Aug- 6, 1984 and is a con- 5 complex and longer process and are difRcult to rework, 
tinuadon-in-pait of U.S. patent application Ser. No. One final approach which the art has used has been to 
431,798 filed Sept 30, 1982. Application Ser. No. use a filter which is overlaid on the device that is, the 
638,258 is a divisional application of application Ser. filter is not deposited directly on the device. Due to the 
No. 431,709. The disclosures of these two applications size and geometry of the filter and the complexity of the 
are incorporated by reference herein. 10 filter patterns these devices are limited due to problem 

BACKGROUND AND SUMMARY OF THE °f "^^^ ^"^^ ^ underlying de- 

INVENTION vice. 

Applicants' invention solves the problems of the prior 
In recent years many dectronic devices have been art by using preferrably a polymer precursor and solu- 
developed which emit or in someway modulate light IS ble dyes which form die uniform containing this film 
Because of these developments a need has arisen for a with extremely good insulating properties, good adhe- 
black coating which can be patterned by any of the sion properties, wet and dry development characteris- 
several processes common in the micioelectronics in- tics with a photoresist system and a very high light 
dustry. This black coating may either be used to protect absorbance in a deared wavelength range from ultravi- 
light sensitive areas of a device from lig^t or to enhance 20 olet through the visible and through the infrared spec- 
contrast between light emitting or refiecting areas on a trum. Applicants' coating material has a fihn thickness 
device and those areas which should appear darker. The compatible with electronic and electrical devices and 
polymer coating must do much more than merely ab- . has a very high resolution of features compatible with 
sorb light Black paint for example could not be used. such electrical and electronic devices. The light absorb- 
The coating should be pattemable preferrably by a 25 mg film demonstrates extremely good thermal, chemi- 
process already used in Uie industry. One process in- cal and aging stability and may remain an integral part 
volves coating positive photoresist exposing it to light of an electrical or electronic device, 
and developing the photoresist and an underiying layer t^««^«w«^^^, , . . 

in hydroxide solution. This basic process is caUed a wet DESCWPTION OF THE PREFERRED 

process or a wet etch. Another process involves coating 30 EMBODIMENT 
resist on a substrate patterning the resist, etching the Applicants' coating material has a very broad appli- 
substrate and then etching a sublayer under the sub- cation. For example, it may be used to replace state of 
strate using a plasma or a reactive ion etch. This is the art mask inspection systems in microelectronic pho* 
called a dry etch in the art Another requirement of the tolithographic processes. Mask inspection systems 
coating is that the polymer coating should have dielec- 35 allow process engineers to inspect for mask defects 
trie properties. As a part of an electrical device it should without taking a printer off line. Typically a glass wafer 
have a high dielectric strength and a high resistivity. A with a thin layer of chromium and a layer of photoresist 
third requirement is that the coating should be uniform. are exposed in a printer. The resist is developed to pro- 
It should adhere well to common substrates such as vide an etch mask for the chromium and the chromium 
silicon oxide and aluminum. The coating should be a 40 is subsequently etched. The chrome pattern on the glass 
strong absorber of light at the wavelengths of interest wafer is compared in a mask inspection system to the 
and it should high thermal stability and it should be original mask pattern. Inspection systems typically em- 
durable. Also, the film thickness must be compatible ploy a relatively narrow band of wavelengths 450-650 
with the thickness of the electrical device while still nanometers for KLA instruments and 510 or 525 nano- 
providing sufficient light attenuation. 45 meters for I*ftpon Jido Seigyo instruments. Applicants' 

In the art one material currently sold by Polytronics coating absorbs light at these wavelengths and furnishes 
of Richardson, Tex. attempts to meet some of the above sufficiently high contrast for the inspection system to 
requirements but does not meet all of thent It contains operate. The coating system is patterned using a posi- 
a polymer solution filled with finely ground carbon. tive photoresist and developer and eliminates the need 
The polymer used is polyimide which imparts thermal 50 for a chrome plating and etch. It thus shortens the pro- 
stability but the material can be patterned only by a wet cess time for mask inspection and allows inspection to 
process, it cannot be dry etched. The material has ex- be done without additional process equipment and with- 
tremely low resistivity and is thus not compatible with out using chromiimi which is an environmental pollut- 
many electronic devices. Moreover the film is not uni- ant 

form due to the carbon particles and light absorption 55 Applicants' coating can also be used to improve the 
per unit of film thickness is very low. The art has at- performance of projection printer automatic focus sys- 
tempted to solve the problem of protecting light sensi- terns by coating a light absorbing film on photoresist 
tive areas of a device in other ways includmg by depos- and thereby reducing the intensities of all reflected rays 
iting an insulating layer on the device and patterning a except that from the top surface itself. Focus is an im- 
metal on top of the insulating layer. The metal shields 60 portant factor in semi-conductor and other microelec- 
portions of the device from light However, this process tronic manufacture. Automatic focus mechanisms of 
is very time consuming and more expensive than using projection printers typically employ a light source and 
an opaque organic film. In addition many users do not a detector which senses reflected light. When light 
like this system since they do not wish to reflect light strikes the surface of the film some light is reflected and 
because of affects on peripheral light sensitive devices 65 some passes through the fdm and is reflected at the 
or because the appearance of a very shiny surface is not innerface of succeeding layers. These multiple reflec- 
satisfactory in their device. A further way of enhancing tions can cause an automatic focus mechanism to func- 
contrast m the art has been to deposit an anti-reflection tion improperly. Applicants' coating absorbs the near 
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infrared light emitted by the laser diodes and light emit- deposited on top of the light absorbing layer and pat- 
ting diodes typically used in focusing systems. It thus temed. The substrate is then placed in a chamber for a 
reduces the intensity of light reflected from all but the reactive ion or plasma etching and the light absorbing 
top surface of a multi-layer system improving the per- layer is etched out in areas not covered by the etch 
formance of automatic focus systems. Typically appli- 5 mask. After patterning the light absorbing layer may be 
cants' coating would be spin cast on top of a photoresist baked at a higher temperature to harden the polymer. 
When used in an automatic focusing system applicants' Depending upon the method and the application the 
coating would not include the dyes which absorb the light absorbing layer may be a few microns to a few 
light in the blue and near ultra-violet wave lengths tenths of microns in thickness. Spinning typicaUy yields 
typically used to expose the photoresist The coating 10 films from one micron to ten microns m thickness. Con- 
vehicle may be water soluble or may be solvent soluble ventional spraying may result in thicker films which 
and it is stripped when the photoresist is developed. It may be as thick as twenty-five microns. Applicants* 
therefore has negligible dfect on the photoresist perfor- product absorbs strongly in the near ultraviolet the 
manrr. The coating is applied in such a thin layer that visible spectrum and the visible spectnmi from 200 to 
the thickness of the coating plus the photoresist does 15 750 nanometers and depending on the dye formulation 
not exceed the depth of focus limit of the optical ma- may absorb strongly from 200 to 1000 nonometers. For 
chinery. Typically the coating would be spin cast on example a five micron film of applicants* product may 
top of a prebaked photoresist The coating need not be transmit less than one percent of all light from 200 to 
baked but may be baked if desired for example m a 750 nanometers or from 200 to about 1000 nanometers, 
convection oven at 90* C. for a half hour to evaporate 20 Applicants' product is miique in that very small geome- 
the solvent The coating would be left intact during the tries can be patterned in it Wet processing of a five 
focus and exposure steps in a projection printer and the micron thick fQm for example can resolve lines as smaU 
coating would be immediately stripped when the ex- as five microns. Dry etching processing can resolve 
posed photoresist is immersed in or sprayed with an even smaller lines. 

aqueous developer. In all other respects the automatic 25 The resistivity of its light absorbing layer is 3X 10^^ 
focusing process and equipment are conventional ohm-cm or more and the dielectric strength exceeds 

Applicants' material includes a polymer or a polymer 7x10^ volts per centimeters. These are outstanding 
precursor and soluble dyes that are effective to form a electrical characteristics for an organic film and far 
uniform, thin, tightly bonded continuous film with good better than can be expected with a polymer film filled 
insulating properties, good adhesion properties, wet 30 with carbon or other pigments or any conventional 
and/or dry development properties with photoresist material. 

systems and which has high light absorbance in the Some specific applications for applicants* light ab- 
desired wavelength range from ultraviolet through the sorbing coating include protecting light sensitive cir- 
visible and into through the infrared spectrum. The film cuitry and enhancement of contrast in liquid crystal 
thickness is compatible with electrical and electronic 35 displays, electro-luminescent displays, plasma displays 
devices and the coating has high resolution required by and imaging systems such as charge-coupled devices for 
electrical and electronic devices such as microelec- telecommunications and video cameras. Apphcants' 
tronic devices. The light absorbing film also demon- light absorbing coating may also protect light sensitive 
strates good thermal, chemical and aging stability to areas of light-emitting diodes, avalanche photodiodes, 
remain an integral part of an electrical system. The 40 and solid state lasers. Applicants* product may be used 
coating material is a solution containing polyimide or to pattern apertures on light-wave modulators and 
polyimide precursor and required solvent soluble dyes. other similar equipment 

Because the material is not carbon or pigment filled it The vehicle for applicants* light absorbing layer will 
has very high resistivity and very high dielectric typically include a polyimide precursor which reacts in 
strength and does not interfer with performance of 45 use to form a polyimide resin. The precursor typically 
electrical or electronic devices on which it is coated. includes a polyamic acid prepared by reacting oxydiani- 
The material can be patterned by both a wet process line (ODA) with pyromellitic dianhydride (PMDA) or 
and a dry etch. Typically the product is highly absorb- may be prepared by reacting ODA with PMDA and 
ing in the near ultraviolet and visible and even into the benzophenone tetracarboxylic dianhydride (BTDA). 
near infrared spectrum through 1000 nanometers. The SO Other equivalent polyamic acids and polyamic precur- 
material has no large particles since it is a solution and sors may be used. The reactants for the polyimide pre- 
coatings are very uniform. Applicants' material adheres cursors are typically included in approximately stoi- 
very well to silicon, silicon oxide and aluminum sub- chiometric amounts. Some formulations may include 
strates. The material has extremely high thermal stabil- water soluble polymers such as polyvinyl/pyrrolidone 
ity and is highly durable. Applicants* product may be 55 and/or other conventional resins such as novalac. The 
used and applied m a conventional manner. For exam- dyes may be chosen from soluble organic dyes which 
pie, the material may be spun or sprayed on any conven- are effective to absorb over a broad spectrum of light or 
tional electrical or microelectronic substrate. For exam- fi'om effective combinations of dyes. Exemplary dyes 
pie, spinning at 4000 rpm*s will typically give a film are as follows curcumin. Solvent Blue 45 (Savinyl Blue 
which is 5 microns thick. The material may be baked to 60 RLS Sandox Chemical Corporation), Solvent Red 92 
remove solvent and to crosslink the polymer precursor. (Savinyl Scarlet RLS Sandox Chemical Corporation), 
If the product is to be wet etched a positive photoresist Solvent Blue 44 (Savinyl Blue GLS Sandox Chemical 
may be spun on top. The resist is baked, exposed and Corporation), Solvent Blue 35 (Hytherm Blue B-200% 
developed as is conventional in the art Applicants* light Morton Chemical), Solvent Red 111 (Morton Red AAP 
absorbing layer may develop out where the photoresist 65 Morton Chemical Company), Solvent Orange 1 1 (Ora- 
is removed and so may be patterned at the same time as sol Orange G Ciba-Geigy Corporation), Pylakrome 
the photoresist If the material is to be dry etched a Green (Pylam Products), IR-99 (American Cyanamid), 
layer of aluminum or other suitable etch mask may be IR-125 (Exciton Chemical Company) and Solvent Red 
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127 (JM, Sandoz Qiexnical Corporation). The dyes and 
vehicle or vehicle precursor are included with a solvent 
system having a low surface energy solvent so that the 
entire system is cosoluble. A typical solvent would 
include cyclohexanone. 

The mvention will be further understood by refer- 
ence to applicants' examples mcluded herein. 

EXAMPLE 1 
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Using the following coating formulation: 10 

58.5% polyimide precursor (ODA and PMDA) 

7.3% N-methyl pyrrolidinone 

21.9% cyclohexanone 

4.4% Solvent Blue 45 

3.4% Solvent Red 92 

3.9% Solvent Blue 44 

O.S% curcumin 
a black coating was prepared by stirring the mix for 
several hours. The mix was then filtered to remove 
undissolved material The coating may be used as a 
black background contrast coating to enhance the con- 
trast of light emitting diode and. liquid crystal displays. 
The coating may also be used as a background coating 
to ftliminatft scatter and reflected light in detectors such 
as photoelectric cells and photo diodes. The coating 25 
may be coated by conventional spin or spray techniques 
on a substrate, baked to cure at 90' C. for 30 minutes, 
and at 90*-130" C for 30 minutes, coated with photore- 
sist, cured, exposed and developed by conventional 
processes. The coating may have a subsequent cure at 30 
200'' C. for 30 minutes, llie coating absorbs substan- 
tially all light between 200-750 nm. 
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EXAMPLE 2 

Using the following coating formulation: 

58.5% polyimide precursor (ODA and PMDA) 

7.3% N-methyl pyrrolidone 

21.0% cyclohexanone 

4.0% Solvent Blue 45 

3.4% Solvent Red 92 

4.3% Pylakrome Green 

0.5% curcumin 
a black coating was prepared, as described for Example 
I. 

EXAMPLE 3 

Using the following coating formulation: 
58.5% polyimide precursor (ODA, and PMDA) 
7.3% N-methyl pyrrolidone 
21.9% cyclohexanone SO 
4.4% Solvent Blue 35 
3.4% Solvent Red 92 
3.9% Solvent Blue 44 
0.5% curcumin 
a black coating was prepared, as described for Example 55 

EXAMPLE 4 

Using the following coating formulation: 
57.5% polyimide precursor (ODA and PMDA) 60 
7.3% N-methyl pyrrolidone 
21.9% cyclohexanone 
4.4% Solvent Blue 45 
3.4% Solvent Red 111 

3.9% Solvent Blue 44 65 
1.5% Solvent Orange 11 
a black coating was prepared, as described for Example 



EXAMPLE 5 

Using the following coating formulation: 
58.5% polyimide precursor (ODA, BTDA, and 

PMDA) 
7.3% N-methyl pyrrolidone 
21.9% cyclohexanone 
4.4% Solvent Blue 45 
3.4% Solvent Red 92 
3.9% Solvent Blue 44 
0.5% curcumin 
a black coating was prepared, as described for Example 
1. 

EXAMPLE 6 

Using the following coating formulation: 
43.9% polyimide precursor (ODA and PMDA) 
11.7% N-methyl pyrrolidone 
35.2% cyclohexanone . 
3.3% Solvent Blue 45 
16% Solvent Red 92 
Z9% Solvent Blue 44 
0.4% curcumin 
a black coating was prepared, as described for Example 
1. 

EXAMPLE 7 

Using the following coating formulation: 
57.5% polyimide precursor (ODA and PMDA) 
7.3% N-methyl pyrrolidmone 
21.9% cyclohexanone 
4.4% Solvent Blue 45 
3.4% Solvent Red 92 
3.9% Solvent Blue 44 
0.5% curcumin 
1.0% IR-99 

a black coating was prepared, as described for Example 
1. The coating absorbs substantially all light between 
200 and 1000 nm. This coating is especially useful as a 
40 background and contrast coating for light emitting di- 
odes and sensors which operate in the near infrared 
range. 



EXAMPLE 8 

Using the following coating formulation: 
43.9% polyimide precursor (ODA and PMDA) 
7.3% N-methyl pyrrolidinone 
21.9% cyclohexanone 
4.4% Solvent Blue 45 
3.4% Solvent Red 92 
J.9% Solvent Blue 44 
0.5% curcumin 
1.0% IR.125 

a black coating was prepared, as described for Example 
7. 

EXAMPLE 9 

Using the following coating formulation: 
56.5% polyimide precurisor (ODA and PMDA) 
7.3% N-methyl pyrrolidone 
21.9% cyclohexanone 
4.4% Solvent Blue 35 
3.4% Solvent Red 111 
3.9% Solvent Blue 44 
1.5% Solvent Orange II 
1.0% IR.125 

a black coating was prepared, as described for Example 

7. • 
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bodiments disclosed herein but only by the scope of the 

EXAMPLE 10 claims appended hereto. 

Using the following coating formulation: We claim: 

43.1% polyimide precursor (ODA and PMDA) i. a broad spectrum light absorbing coating material 

11.7% N-methyl pynolidone 5 for microelectronic photolithography consisting essen- 

35.2% cyclohexanone tially of a polyimide precursor vdiicle and at least on 

3.3% Solvent Blue 45 soluble light absorbing dye in a solvent system* the dye 

2,6% Solvent Red 92 ^^^g substantially completely soluble in the solvent 

2,9% Solvent Blue 44 vehicle system and being effective to absorb sub- 

ciw TR?55™ stantially ail Hght across a broad spectrum of Ught, from 

0.8% ^'l^^ c^^^t^ in the ultra violet spectrum to in the infra red spectrum, 

a black coatmg was prepared, as described for Example .^^^^ ^ microelectronic photo- 

lithogn^5hic substrate, the coating system having a high 

EXAMPLE 11 electrical resistivity and a high dielectric strength when 

Using the foUowing coating formulation: coated on a substrate, and being effective to provide a 

57.5% polyimide precursor (ODA, PMDA, uniform, tightly adhenng coatmg, the coatmg bemg 

g'j^A) photolithographically imagable and effective to pro- 

7.3 N-methyl pynolidone duce microelectronic images having fine line resolution 

21.9% cyclohexanone 20 ^ developable and etchable by wet and dry etch 

4.4% Solvent Blue 45 microelectronic photolithography processes, the coat- 

3.4% Solvent Red 92 ing having a high specific absorptivity over a broad 

3.9% Solvent Blue 44 spectrum of light effective to provide a substantially 

0.5% curcumin black coating. 

1.0% IR-125 25 2, The light absorbing coating material of claim 1 

a black coating was prepared, as described for Example wherein the vehicle is selected from the group consist- 

7. ing of polyamic acids. 

£jQj^j^£^£ 12 3. The light absorbing coating of claim 2 wherein the 

vehicle is selected from the group consisting of oxydi- 

Using the following coating formulation: aniline and pyromellitic dianhydride or oxydianiline, 

225 g Polymide precursor (ODA and PMDA) pyromeUitic dianhydride and benzophcnone tetracar- 

27gNovolac boxylic dianhydride, the vehicle components being 

211 ml N-methyl-pyrrolidinone present m approximate stoichiometric amounts. 

692 ml Cyclohexanone - 4. The light absorising coating material of claim 1 

56 g Solvent Red 127 35 wherein the coatmg material is effective to absorb sub- 

56 g Solvent Red 92 stantially all light in the range of about 200 to 750 nano- 

a mask inspection coating was prq>ared by stirring the meters, when coated on a substrate, 

mix for several hours. The mix was then filtered to 0.45 5, xhe light absorbing coating material of claim 1 

microns to remove undissolved material. The coating wherein the coating material is effective to form a high 

may be applied by spinning or other techniques. For 40 contrast coating and wherein the dye is selected from 

example, it may be spin coated to a thickness of 0.3 ^^e group consisting of curcumin, Solvent Blue 45, 

micron on a glass wafer and used in place of a chro- Solvent Red 92, Solvent Blue 44, Solvent Blue 35. Sol- 

mimn layer in a mask inspection system. A 0.3 micron ^^^^ j^^^ g^j^g^^ O j 1^ Pylakrome Green, 

f?^*''^ ^« «>^^g Ttrifi^ IR.99, anhydrcl, Mimethyl .2.[7[l,l.dimethyl.3<4. 

light used by mask mspection systems, about 500-600 45 sulfobutyl).2KlH).benz(e) indolinyhdene].l,3,5-hepta. 

™' trienyl]-(4-sulfobutyl)-lH-benz(e) mdolium hydroxide 

EXAMPLE 13 sodium salt and Solvent Red 127 and mixtures thereof. 

Using the foUowing coating formulation: «• The Kght absorbing coatii^ material of dtaim 1 

° " " wherem the coatmg has an electrical volume resistivity 

4.8 g 15K polyvmyl pyrrolidone 50 of at least about 3X 10»' ofam^m, when coated on a 

95.2 g H2O substrate. 

* . ^'l^ ^■ The Ught absorbing coating material of claim 1 

dimethW-Hffulfob^^^ tljg jjas ^ dielectric strength of at least 

dotoyhitoel-1 3.5*eptatiirayn<4^*^^^ about 7 xlQiV/cm. when coated on a substrate. 

lH^en2(e)mdolium hydroxide sodium salt 55 ^ ^ ^ improving 

nitomatic focus coatmg was prepared by stonngtiie performance of automatic focus equipment used in 

PVP in room temoerature water until dissolved, about . V auiwuMiu*- iwv-i-o ^ 

L hoiT^rTlTis added to the soliSin and nncroelectromc photolithography co^^^ essentially 

stirred for about three hours. The solution is tiien ffl- ^f^* soluble light absorbmg dye m a vehicle 

tered to remove undissolved dye and polymer. The 60 and solvent system, the dye bemg effective to absorb 

coating may be applied by spin coating to a fflm tiiick- substantially all unreflected hght. from about 200 to 

ness of 700 angstroms. The coating absorbs tiie light in about 1000 nanometers across the spectrum used m 

die 650-1000 nanometer range used by automatic focus automatic focus processes, when coated on a microelec- 

mechanisms. tronic substrate, and being effective to provide a tiiin, 

It will be appreciated by those skilled in the art that 65 uniform coating, the coating being compatible with 

variations in the invention disclosed herein may be subsequent processing of the microelectronic substrate 

made without departing from the spirit of the invention. including being readily removable by subsequent pro- 

The invention is not to be limited by the specific em- cessing of the microelectronic substrate. 
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9. A light absorbing coating material for mask inspec- 16. The light absorbing coating of claim 15 wherein 
tion systems used in microelectronic photolithography the vehicle is selected from the group consisting of 
consisting essentially of at least one soluble light absorb- ozydianiline and pyromellitic dianhydride or oxydiani- 
ing dye m a vehicle and solvent system, the dye being line, pyromellitic dianhydride and benzophenone tetra- 
effective to absorb substantially all light across the spec- 5 caibozylic dianhydride, the vehicle components being 
trum used in microelectronic photolithogr^hy mask present in approximate stoichiometric amounts, 
mspection systems, from about 200 to about 1000 nano- 17. The light absorbing coating of claim 9 wherein 
meters, and being photolithographically imagable and the coating material is effective to absorb substantially 
developable in the mask inspection process, the coating all light in the. range of about 500 to 600 nanometers, 
being effective to provide a thin, uniform, coating and 10 18. The light absorbmg coating of claim 9 wherein 
being effective to produce images having fine line reso- the dye is selected from the group consisting of solvent 
lution when used in a microelectronic photolitho- red 127, solvent red 92 and mixtures thereof, 
graphic mask inspection system. 19. The light absorbing coating of claim 9 wherein 

10. The automatic focus equipment light absorbing the coating has an electrical volume resistivity of at 
material of claim 8 wherein the vehicle is selected from 15 least about 3 X 10^^ ohm-cm and a dielectric strength of 
the group consisting of polymide precursors. at least about 7x 10^ v/cm, when coated on a substrate. 

11. The light absorbing coating of claim 8 wherein 20. A broad spectrum light absorbing coating mate- 
the vehicle is selected from the group consisting of rial for microelectronic photoUthography consisting 
oxydianiline and pyromeUitic dianhydride or oxydiani- essentially of a polyimide precursor vehicle and at least 
line, pyromellitic dianhydride and benzophenone tetra- 20 one soluble light absorbing dye in a solvent system, the 
carboxylic dianhydride, the vehicle components being dye being substantially completely soluble in the sol- 
present in approximate stoichiometric amounts. vent and vehicle system and bemg effective to absorb 

12. The light absorbing coating of claim 8 wherein substantially all light across a broad spectrum of light, 
the coating material is effective to absorb substantially from about 200 nanometers to about 1000 nanometers, 
all light in the range of about 650 to 1000 nanometers. 25 when the coating is coated on a microelectronic photo- 

13. The automatic focus light absorbing coating of tithogiaphic substrate, the coating system having a high 
claim 8 wherein the dye is anhydro-l,l-dimethyl-2- electrical resistivity and a high dielectric strength when 
[7[l,l-dimethyl-3-(4-sufobutyI)-2-(lH)-benz(e) in- coated on a substrate, and being effective to provide a 
dolinylidene]-l,3,5-heptatrienyl]-(4-sulfobutyl)-lH- uniform, tightly adhering coating, the coating being 
benz(e)mdolium hydroxide sodium salt 30 photolithographically imagable and effective to pro- 

14. The light absorbing coating of claim 8 wherein duce microelectronic images having fine line resolution 
the coating has an electrical volume resistivity of at and being developable and etchable by wet and dry etch 
least about 3 X 10*5 ohm-cm and a dielectric strength of microelectronic photolithography processes, the coat- 
at least about 7X 10^ v/cm, when coated on a substrate. ing having a high specific absorptivity over a broad 

15. The mask inspection light absorbing material of 35 spectrum of light effective to provide a substantially 
claim 9 wherein the vehicle is selected from the group black coating. 

consisting of polyimide precursors. ♦•»••. 
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[57] ABSTRACT 

A method for preparing a substrate having a light-shielding 
layer involves forming a photosensitive coating film on a 
transparent electrically conductive layer formed on a trans- 
parent substrate, exposing the photosensitive coating, film 
via a mask exhibiting light transmitting properties, removing 
and developing the coadng film for exposing the transparent 
electrically conductive layer and electrodepositing a dark- 
hued coaling on the exposed transparent electrically con- 
ductive layer for forming the light-shielding layer, and 
heating the light-shielding layer. The substrate having the 
light-shielding layer has a volume resistivity of 1x10^ 
ohm-cm or higher and may be used for a counterelecurode 
substrate for a TFT array substrate incorporated in a liquid 
crystal display device. 



14 Clainos, 1 Drawing Sheet 
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METHOD FOR FORMING A SUBSTRATE 
HAVING A UGHT SHIELDING LAYER 

BACKGROUND OF THE INVENTION 

This invention relates to a method for forming a substrate 
having high definition and high light-shielding capability. 
More particulariy, it relates to a method for forming a 
substrate which has a light-shielding layer and which may be 
utilized for preparing a color filler employed in particular for 
a liquid crystal display device, and to a substrate having the 
light-shielding layer. 

This invention also relates to a counterelectrode substrate 
for a thin film transistor (referred to as TFT) array substrate 
for black and white display which is superior in high 
definition and light-shielding capability and which may be 
prepared by a simple process, and to a liquid crystal display 
device for black and white display (LCD). 

As a typical example of the color liquid ciystal display 
device, there has hitheno been known a TFT (thin film 20 
transistor) — active matrix color liquid crystal device. The 
device includes a substrate arranged on an inner polarizing 
plate, a thin film transistor (TFT) and a pixel elecux)de 
driven by the TFT arranged on the substrate, and an inner 
alignment layer contacted with both the TFT and the pixel 25 
electrode. On its outer side, the device includes a liquid 
crystal layer having an outer alignment layer and an outer 
polarizing plate arranged on the outermost side. Between the 
outer alignment layer and the outer polarizing plate, there is 
mounted a color filler having a black light-shielding layer 30 
(black matrix) and colored layers, such as red-hued layer, 
green-hued layer and blue-hued layer on a transparent 
electrically conductive layer formed on the transparent sub- 
strate. For producing the color filter, there are currently 
proposed a dyeing method, a dye-pigment dispersion 35 
method, a printing method, an electrodeposition method and 
a transfer method. With any of these knovim methods, the 
precision in the arraying of the respective colored layers, 
such as red-hued, green-hued and blue-hued layers, herein 
occasionally abbreviated to R, G, B and BL layers, respec- 40 
lively, is of utmost importance. Above all, the black-hued 
layer, that is the light-shielding layer, needs to be positioned 
not only in registry with the counterelectrode substrate to 
avoid light leakage in the vicinity of the pixel electrode but 
also widiout voids between the other colored layers and the 45 
light-shielding layer significantly influences the picture 
quality such as contrast Consequently, the current practice 
is to produce the light-shielding layer with high precision 
and to form other colored layers so as to be overlapped to 
some extent with the light-shielding layer. For example, an 50 
evaporated film of metal such as chromium is patterned 
using a photolithographic technique to produce a black 
matrix and the color layers of R, G and B layers are foimed 
with small amounts of overlap with the black matrix at the 
boundary regions thereof. 55 

Wih the thin film transistor (TFT) display device for 
black and white display, which has a construction similar to 
the above-mentioned color liquid crystal display device, a 
transparent substrate formed with a light-shielding layer 
(black matrix) is provided in place of the R, G, and B layers 60 
of a color filter, and fiinctions as a counterelectrode sub- 
strate. In preparing the counterelectrode substrate, a resist is 
coated on a metal chromium layer formed by sputtering on 
a glass substrate, and a black matrix is formed by light 
exposure, development, etching and film exfoliation. A 65 
transparent ITO film is subsequently formed by spuaering 
on the entire surface. 



However, if a light-shielding layer is formed of metal, 
manufacture-related problems are presented in that the 
evaporation method or lithography is susceptible to pinholes 
and involves a complicated process, and that the light- 
shielding film formed of metal has high light reflectance and 
leads to inferior viewing properties of the display device. 
Above all, with the TFT black and white display device, the 
vacuum process needs to be carried out twice in order to 
produce the black matrix and the electrode. If the method of 
overlapping the boundary regions of the colored layers is 
employed for the preparation of the color filter, it is not 
possible to produce a color filter having superior surface 
planarity which is strongly desired when the color filter is 
used for the color liquid crystal display device. 

In order to overcome these problems, a method of 
employing a photosensitive resin composition admixed with 
pigments of black or the like dark or thick colon has been 
proposed in the Japanese Laid-Open Patent Publications 
Nos. 63-314501, 1-293306 and 5-34514. Specifically, a 
method of forming a photosensitive resin composition pre- 
viously colored in a dark color on a transparent substrate, 
exposing via a pattern mask only the portions of the resin 
composition required as a light-shielding layer, for curing 
the resin composition and developing and removing only the 
unexposed portions of the resin composition, a method of 
forming a layer of a photosensitive resin composition pre- 
viously colored to have a thick color on a substrate on which 
R, G and B layers have been formed, exposing the reverse 
substrate surface, that is the substrate surface not having the 
layer of the photosensitive resin composition, to light for 
curing the photosensitive resin composition and developing 
and removing only the unexposed portion, and a combina- 
tion of these methods, are disclosed. However, the photo- 
sensitive resin composition colored to have a dark color hue 
exhibits high light absorption so that curing cannot proceed 
to a sufBcient depth on exposure to light Consequently, the 
photosensitive resin composition colored to have a thick hue 
tends to be removed during removal by development so that 
the light-shielding layer having a high light-shielding capa- 
bility can hardly be produced. In addition, the photosensitive 
resin composition having its exposed portion cured by 
photopolymerization is frequently employed In light expo- 
sure in atmospheric air, curing is obstructed significantly by 
oxygen contained in atmospheric air, such that complex 
preventative measures such as provision of an oxygen 
interrupting film or employing an atmosphere free of oxy- 
gen, such as vacuum or an argon atmosphere, are needed in 
carrying out the light exposure. Although it may be envis- 
aged 10 eliminate such cumbersome operations by increasing 
the amount of light exposure to an extreme degree, rcflcc- 
don, scattering or leakage of light is increased, while the 
substrate temperature tends to be raised, thus presenting 
difiSculties in the formation of the high-precision light- 
shielding layer. 

On the other hand, if the photosensitive resin composition 
containing black-hued or nearly black-hued pigment is 
employed as a black matrix for a counterelectrode substrate 
for a TFT array substrate, and a transparent substrate having 
a transparent electrode is employed as a coimterelectrode 
substrate, it is necessary to provide a transparent electrode 
by sputtering on the overall surface, because the black 
matrix itself lacks electrical conductivity. The reason is that, 
if the liquid crystal on the black matrix is not responsive to 
electrical voltage, the liquid crystal portion in the vicinity of 
pixels undergoes light leakage during voltage-on time with 
the normally white system employed in the TFT array 
system, thus lowering the contrast 



5,527,649 



SUMMARY OF THE INP/ENTION 

II is an object of the present invention to provide a method 
for forming a substrate having a light-shielding layer by 
which the light-shielding layer having supaior definition 
and light-shielding properties may be easily formed with 
sufficient accuracy, and which may be particularly useful for 
forming a color filter, and a substrate having such light- 
shielding layer. 

It is another object of the present invention to provide a 
method for forming a subsu^ having a light-shielding layer ^® 
whereby the light-shielding layer having superior definition 
and light-shielding properties as well as low reflectance and 
electrical conductivity may be easily formed with sufficient 
accuracy by employing specified carbon black as the pig- 
ment 15 

It is a further object of the present invention to provide a 
counterelectrode substrate for a TFT array substrate for 
black and white display which is superior in definition and 
light-shielding properties and which may be formed by a 
simplified process, and a liquid crystal display device dUCD) 
for black and white display employing the counterelectrode 
substrate. 

According to the present invention, there is provided a 
method for preparing a substrate having a light-shielding 
layer comprising the steps of i) forming a positive photo- 
sensitive coating film on a transparent electrically conduc- 
tive layer formed on a transparent substrate, ii) exposing the 
positive photosensitive coating film via a mask exhibiting 
light transmitting properties only at portions thereof regis- 
tering with the light-shielding layers iii) removing and 
developing the portions of the coating film exposed to light 
for exposing the transparent electrically conductive layer 
and electrodepositing a dark-hued coating on at least a 
portion of the exposed transparent electrically conductive 
layer for forming the light-shielding layer, and iv) heating 
the light-shielding layer. 

According to the present invention, there is also provided 
a method for preparing a substrate having a light-shielding 
layer comprising the steps of i) forming a negative photo- 
sensitive coating film on a transparent electrically conduc- 
tive layer formed on a transparent substi^, ii) exposing the 
negative photosensitive coating film via a mask exhibiting 
light transmitting properties only at portions thereof other 
than those registering with the light-shielding layer, iii) 
removing and developing the portions of the coating film not 
exposed to light for exposing the transparent electrically 
conductive layer and electrodepositing a dark-hued coating 
on at least the exposed transparent electrically conductive 
layer for forming the light-shielding layer, and iv) heating 
the light-shielding layer. 

According to the present invention, there is also provided 
a substrate having a light-shielding layer comprising a 
transparent substrate, a transparent electrically conductive 
layer formed on the transparent substrate and a light-shield- 55 
ing layer formed on the transparent electrically conductive 
layer, wherein the light-shielding layer contains carbon 
black having a maximum panicle size of 1 pm or less 
dispersed within a polymer matrix and wherein the light- 
shielding layer has a volume resistivity of 1x10^ ohm-cm or gQ 
higher. 

According to the present invention, there is provided a 
liquid crystal display device for black and white display 
comprising a first polarizing plate, a substrate arranged on 
the first polarizing plate, a thin film transistor, and a pixel 6S 
electrode driven by the thin film transistor, the thin film 
transistor and the pixel electrode both being formed on an 
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outer surface of the substrate opposite to the first polarizing 
plate, an inner alignment layer in contact with the thin film 
transistor and the pixel electrode, a liquid crystal layer being 
in contaa with the inner alignment layer and having an outer 
alignment layer on its opposite side surface, a second 
polarizing plate arranged on an outermost side surface of the 
display device and a counterelectrode substrate arranged 
between the outer alignment layer and the second polarizing 
plate, the counterelectrode substrate having a transparent 
substrate in contact with the second polarizing plate and a 
transparent electrically conductive layer electrodeposited on 
the other side of the transparent substrate, a light-shielding 
layer of a dark-hued colored layer formed on the elecUically 
conductive layer being contacted with the outer alignment 
layer. 

BRIEF DESCaOPnON OF THE DRAWING 

The sole figure is a schematic cross-sectional view for a 
black and white liquid crystal display device according to 
the present invention. 

DESCRIPTION OF THE INVENTION 

The present invention will be explained in detail heiein- 
below. 

With the method of the present invention, the step of 
forming a positive photosensitive coating film on a trans- 
parent electrically conductive layer (transparent elecuude) 
on the transparent substrate, referred to hereinafter as a step 
1-A, is first performed. Alternatively, with the method of the 
present invention, the step of forming a negative photosen- 
sitive coatuig film on a transparent electrically conductive 
layer on the transparent substrate, referred to hereinafter as 
a step 1-B, is first performed. 

There is no limitation to the materials of the transparent 
substrate, provided that it is transparent and plate-shaped. 
Specifically, these materials may include quartz, various 
glasses, various transparent resins (plasdcs), such as poly- 
ester, polyphenylene sulfide, epoxy resins, acrylic resins, 
polymethylpentene, polyimides, polycarbonates, polya- 
mides, polysulfone, polyether, polystyrene, acrylonitrile- 
styrene copolymers or cellulose triacetate. In view of the 
properties desired of the color filter and so forth, as an 
ultimate product, the surface of the transparent substrate is 
desirably smooth and occasionally ground before use. 

The transparent electrically conductive layer formed on 
the transparent substrate is preferably formed of tin oxide, 
indium oxide, indium-tin oxide or antimony oxide, and 
usually has a film thickness of 20 to 300 run. The transparent 
electrically conductive layer may be formed by spraying, 
chemical vapor deposition (CVD), sputtering or vacuum 
evaporation. 

There is no pardcular limitation to the photoresist forming 
the positive photosensitive coating film, provided that the 
light exposed portion is soluble in a developing solution and 
thereby removed. The photoresist may be enumerated by 
compounds containing quinone diazido groups, compoimds 
having diazomeldrum's acid or nitrobcnzyl esters, a com- 
position containing these compounds, and chemically ampli- 
fied compositions employing a compound generating an. 
acid by light (acid-generating agent by light). More spedfic 
examples include a composition prepared by suitably mixing 
with a resin having a film-forming function a reaction 
produa between a compound having a hydroxyl group and 
a quinone diazidosulfonic acid derivative or a quinonedi- 
azido compound having an isocyanate group. There is no 
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limitaiion to the mixing ratio which may be suitably selected 
depending on conditions of the light exposure and develop- 
ment Examples of the photoresist may further include 
chemically amplified compositions composed of a resin 
having a quinonediazido group or a composition containing 
a resin having a quinonediazido group, an acid-generating 
agent by light selected from aiyl sulfonium salts, aryl 
iodonium slats, halomethyl triazine, esters of sulfonic acid 
and tosylates having an o-nitrobenzyl group, and polyhy- 
droxystyrene having a t-butoxycarbonyl group or a tetrahy- 
dropyranyl group introduced herein. Various commercially 
available posidve photoresists may also be employed 

There is no limitation to the photoresist forming the 
negative photosensitive coating film, provided that the light 
exposed portion thereof is not removed by a developing 
solution and only the imexposed portion thereof is insoluble 
in the developing solution. For example, a prepolymer or a 
resin having the molecular weight ranging in general 
between 500 and 10,000 and containing an ethylenic double 
bond capable of being cross-linked by light, such as 
(meth)acryloyl group, e.g. aciyloyl or methacryloyl group, 
and/or cinnamoyl group, in its molecule, which prepolymer 
or resin may be dissolved or dispersed in water along with 
a photopolymerization initiator and occasionally with a dye 
and/or a pigment. 

The prepolymer or the resin may be enumerated by the 
prepolymers, such as epoxy (meth)acrylate, urethane 
(meth)acTylate or polyester (meth)acTylatc; cationic resins 
which are produced by introducing onium groups, such as 
amino groups, ammonium or sulfonium and the above- 
mentioned photosensitive groups into acrylic resins, epoxy 
resins, urethane resins or polybutadiene resins and which are 
dissolved and/or dispersed in an organic solvent or solubi- 
lized and/or dispersed in water with acids such as formic 
acid, acetic acid, propionic acid or lactic acid or with acidic 
substances; and anionic resins which are produced by intro- 
ducing carboxyl groups and the above-mendoned photosen- 
sidve groups into acrylic resins, polyester resins, inaleinated 
oil resins, polybutadiene resins or epoxy resins, and which 
are dissolved and/or dispersed in an organic solvent or 
solubilized and/or dispersed in water with basic substances 
such as triethylamine, diethylamine or ammonia. Prepoly- 
mers or resins capable of being solubilized and/or dispersed 
in water are especially preferred for simplifying the process 
or preventing environmental pollution. 

Low molecular (meth)acrylates may be added to the 
negative photosensitive coating material for adjusting the 
viscosity and photosensitivity of the coaling fikn. These 
(meth)acrylates may be enumerated by 2-hydroxyethyl 
(meth)acrylate, 2-phenoxyethyl (meth)acrylate, 3-phenoxy- 
2-hydroxypropyl (meth)acrylate, 2-ethylhexyl (raeth)acry- 
late, tricyclodecane (meth)acrylaie, hexanediol 
di(meth)acTylate, trimethylolpropane triacrylate, pentaeryth- 
rilol triaciylate, dipentaerythritol hexaacrylate and tris(acry- 
loyloxyethyl) isocyanurate. These may also be used in a 
mixture. The mixing ratio of these (meth)acrylates is pref- 
erably 0 to 50 parts by weight and more preferably 0 to 30 
parts by weight to 100 parts by weight of the resin for the 
negative photosensitive coating material. If the mixing ratio 
exceeds 50 parts by weight, the coating film undesirably 
tends to be viscid. 

As the photopolymerization iiutiator, any material knovm 
in the art may be employed. Examples of the known 
photopolymerization initiator include benzoin and ethers 
thereof, benzyl alkyi ketals, benzophenone derivatives, 65 
anthraquinone derivatives and thioxanthone derivatives. The 
photopolymerization initiator may be admixed with a suit- 
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able sensitizer if so desired. The photopolymerization ini- 
tiator is added preferably in an amount of 0. 1 to 30 parts by 
weight and more preferably in an amount of 0.5 to 20 parts 
by weight to 100 parts by weight of the resin for the negative 
photosensitive coating material. If the photopolymerization 
initiator is added in the amount less than 0.1 pan by weight, 
photocurability becomes insufficient If it exceeds 30 parts 
by weight, curing proceeds excessively so that the film 
strength becomes insuflacient with economic demerits. 

The negative photosensitive coating material may be 
prepared by a method comprising mixing a resin for the 
photosensitive coating material, a photopolymerization ini- 
tiator, an organic solvent and/or water and, if necessary, 
various assistant agents, such as dyes and/or pigments, 
acidic or basic substances, dispersion assistant agents for 
dyes or pigments, levelling agents for improving smooth- 
ness of the coating films, viscosity adjustment agents or 
anti-foaming agents, and sufficientiy dispersing the ingredi- 
ents, using a well-known dispersion means, such as a sand 
mill or an auriter. 

There is no particular limitation to the organic solvents 
employed for dispersing or dissolving the above-mentioned 
positive or negative photoresists or compositions thereof 
capable of forming the photosensitive coating films. 
Examples of the solvents may include glycolethers, such as 
ethylene glycol monobutylether. ethylene glycol monohexy- 
lether, ethylene glycol monophenylether, propylene glycol 
monomethyl ether, propylene glycol monophenylether, 
diethylene glycol dimetiiylether or triethylene glycol dim- 
ethylether, ketones, such as acetone, metfaylethyl ketone, 
methylisobutyl ketone, cyclohexanone, isophorone, or 
N-methyl pyrrolidone; ethers, such as dibutyl etiier, dioxane, 
or tctrahydrofiiran; alcohols, such as metfaoxybutanol, diac- 
etone alcohol, octanol, butanol, or isopropanol; hydrocar- 
bons, such as toluene, xylene, cyclohexane or hexane; esters, 
such as etiiyl acetate, butyl acetate, 2-methoxy ethyl acetate, 
2-metiioxy propyl acetate or ethyl benzoate; and acid 
amides, such as dimethyl formamide, N,N-dimethyl aceta- 
mide or dimethyl sulfoxide. These organic solvents may be 
used alone or in combination. 

The positive photosensitive coaling film or the negative 
photosensitive coating film may be formed on the transpar- 
ent electrically conductive layer by any known methods, 
such as immersion, spraying, spin coating, roll coating, 
screen printing or electrodeposition. 

There is no particular limitation to the film thickness of 
the photosensitive coating film, which may be suitably 
selected depending on the properties required of the color 
filter as die ultimate product Above all. in relation to the 
shape of the light-shielding layer, it is desirable for the film 
thickness of the photosensitive coating film to be usually 0.5 
to 20 times and preferably 1 to 10 times that of the 
light-shielding layer. If the film thickness of the photosen- 
sitive coating film is less than the above range, there may be 
a large possibility dial die thick-colored layer which is to 
form the light-shielding layer by electrodeposition during 
the next step is formed on the photosensitive coating film, or 
the light-shielding layer is formed which has a line width 
broader than that of the pattem prescribed by the photosen- 
sitive coating film. If the film thickness of the photosensitive 
coating film is larger than the above range, there may be a 
high possibility that problems are presented in the resolution 
of the photosensitive coating film or the electrodeposition or 
the coating material for electrodeposition can hardly enter 
the opening during elecu-odeposition so that the light-shield- 
ing layer cannot be formed in a desired maimer. 

For adjusting the film thickness, the coating conditions 
may suitably be selected depending on the particular coating 
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method In the case of spin coalings for example the film 
thickness can easily be controlled by adjusting the viscosity 
of the coating liquid or the number of revolutions of a 
spinner, while in case of electrodeposition, for example the 
conditions of electrodeposition such as coating voltage, 5 
clcctrodcposition time or liquid temperature may be changed 
to adjust the film thickness. 

In the method of the present invention, the positive 
photosensitive coating film is exposed to light via a mask 
exhibiting light-transmitting properties only at portions 
thereof registering with the light-shielding layer. The pro- 
cess step is referred to hereinafter as a step (2-a). Alterna- 
tively, the negative photosensitive coating film is exposed to 
light via a mask exhibiting light-transmitting properties only 
at portions thereof other than those registering with the ^5 
light-shielding layer. The process step is referred to herein- 
after as a step (2-b). 

The mask exhibiting light transmitting properties at the 
portions thereof registering with the light-shielding layer, or 
the mask exhibiting light transmitting properties at the ^ 
portions thereof other than those registering with the light- 
shielding layer, is a photomask usually employed in photo- 
lithography, and needs only to be patterned to have a desired 
shape. 

The light exposure may be effected using a light source 
capable of generating a large quantity of ultraviolet rays, 
such as a high-pressure mercury lamp, an ultra-high pressure 
mercury lamp, xenon lamp, a metal halide lamp, an cxcimer 
\asct or a synchrotron light radiator. If necessary, a radiation 
source other than the ultraviolet ray generator may be 
employed. The light exposure conditions may be suitably 
selected depending on the photosensitive coating film, the 
method or the apparatus for light exposure. For example, 
there is no particular limitation to the amount of light ^5 
exposure which may be suitably selected depending on the 
light source or the photosensitive coating film. The amount 
of light exposure is usually 0.1 to 1000 mJ/cra^ and pref- 
erably 5 to 500 mJ/cm^ 

With the method of the present invention, when the 40 
positive photosensitive coating film is employed, the por- 
tions of the coating film exposed to light are removed and 
developed for laying or exposing the transparent electrically 
conductive layer to the outside, and a daiic-hued coating is 
electrodeposited on at least the exposed transparent electri- 45 
cally conductive layer said to the outside for forming the 
light-shielding layer. The above process step is referred to 
hereinafter as the step (3-a). With the method of the present 
invention, when the negative photosensitive coating film is 
employed, the portions of the coating film not exposed to 50 
light are removed and developed for laying or exposing the 
transparent elecuically conductive layer to the outside, and 
a dark-hued coating is electrodeposited on at least the 
exposed transparent electrically conductive layer laid to the 
outside for forming the light-shielding layer. The above 55 
process step is referred to hereinafter as the step (3-b). 

There is no particular limitation to the development 
conditions in the steps (3-a) or (3-b) and any conditions may 
be suitably employed depending on the amount of light 
exposure in the steps (2-a) or (2-b), solubility of the pho- 60 
tosensitive coaling film in the developing solution, the kind 
or the concentration of the developing solution, the devel- 
oping time or developing temperature. There is no particular 
limitation to the developing solution if it is capable of 
rremoving the exposed or unexposed portions of the photo- 65 
sensitive coating film of the step (3-a) or (3-b) by develop- 
ment, such that the developing solution may be suitably 
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selected depending on the types or the light exposed state of 
the phoiosensidve coating film 

In the step (3-a), an aqueous solution of a basic substance 
is usuaUy employed as the developing solution. Examples of 
the basic substance include sodium carbonate, sodium 
hydrogen carbonate, sodium metasUicate, tetraalkyl ammo- 
nium hydroxide, such as tetramethyl ammoniimi hydroxide, 
sodium hydroxide, potassium hydroxide or ammonia. For 
the developing solution, an organic solvent, such as alco- 
hols, glycol ethers, ketones, hydrocarfoohs or chlorinated 
hydrocmbons, may be employeid either as a mixture or in 
combination with the above-mentioned aqueous developing 
solutions. Of these, the aqueous developing soludon is 
preferred. 

If a cationic resin is used as an ingredient of the photo- 
sensitive coating material, the developing solution employed 
in the step (3-b) may be an aqueous solution containing an 
acidic substance dissolved therein. The acidic substance 
may be enumerated by organic acids, such as formic acid, 
acetic acid, propionic acid or lactic acid, and inorganic acids, 
such as hydrochloric acid or phosphoric acid. If an anionic 
resin is used as an ingredient of the negative photosensitive 
coaling material, a developing solution containing a basic 
substance dissolved in water may be employed. The basic 
substance includes sodium carbonate, sodium hydrogen 
carbonate, sodium metasilicaie, teiraalkylammonium 
hydroxide, sodium hydroxide and potassium hydroxide. As 
the developing soludon, an organic solvent, such as alco- 
hols, glycol ethers, glycols, ketones, hydrocarbons or chlo- 
rinated hydrocarijons may be employed, cither as a mixture 
or in combination with the aqueous developing solution. The 
developing solution may be admixed with surfactants or 
ami -foaming agents for improving wettability or anti-foam- 
ing properties. An aqueous developing solution is preferably 
employed in view of toxicity or working environments. 

If the aqueous solution of tetramethyl ammonium hydrox- 
ide is used in the step (3-a) for the developing solution, the 
developing conditions may be suitably selected from the 
concentration of 0.01 to 20 wt %, and preferably 0.05 to 10 
wi %, the temperature of 10° to 80** C. and preferably 15 to 
40** C, the developing time of 2 to 600 seconds and 
preferably 4 to 300 seconds. 

If an aqueous solution of sodium carbonate is used as the 
developing solution in the step (3-b), the concentration of 
sodium carbonate may usually be in a range of 0.01 to 25 wt 
% and preferably in a range of 0.05 to 15 wt %, the 
temperature may be in a range of 10° to 70° C, and the 
developing time may be suitably selected from a range of 5 
to 600 seconds and preferably from a range of from 5 to 300 
seconds. If an aqueous solution of lactic acid is used in the 
step (3-b), the concentration of lactic acid may usually be in 
a range of 0.01 to 50 wt % and preferably in a range of 0.05 
to 25 wt %, the temperatiu^ may be in a range of 10° to 70° 
C. and preferably in a range of 15° to 50° C, and the 
developing time may be suitably seleaed from a range of 2 
to 600 seconds and preferably from a range of from 4 to 400 
seconds. 

The dark-hued colored coating material employed in the 
step (3-a) or (3-b) may be exemplified by a water-soluble or 
-dispersible coating material containing (a) a dye and/or a 
pigment having a thick hue, such as black, thick indigo or 
thick brown, (b) a binder resin for electrodeposition and 
occasionally (c) a curing agent 

The dye and/or the pigment may be exemplified by, for 
example, carbon black, graphite, vanadium irioxide, man- 
ganese dioxide, molybdenum disulfide, triiron teu-aoxide. 
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Aniline Black, Sudan Black B, Acid Black 1 and 52, Fast 
Black K Sail, Nigrosin or mixtures thereof. The dyes and/or 
pigments shown in detail in XOLOR INDEX*', third issue, 
may also be employed. 

If the substrate having the iight-shielding layer formed by 5 
the method of the present invention is employed as the black 
matrix for the color filter, there is no particular limitation to 
the dyes and/or the pigments and any dyes and/or pigments 
enumerated above may be employed. If the subsiraw having 
the light-shielding layer formed by the method of the present ]o 
invention is employed as the light-shielding layer for the 
counterelectrode substrate for a TFT array subsume for 
black and white display, there is also no particular limitation 
to the dye and/or pigment contained therein and any of the 
above-enumerated dyes and/or pigments may be employed. 15 
Of these, however, the pigments, above all, those in the form 
of electrically conductive fine particles, are particularly 
preferred. As the electrically conductive fine particles, at 
least one of carbon black, metal oxides, such as tin oxide, 
rro, indium oxide, titanium oxide, ruthenium oxide, or 20 
vanadium oxide, and metals, such as gold, platinum, palla- 
dium, silver alloys, copper or nickel, may preferaAily be 
employed. Needless to say, two or more of these components 
may be used as a mixture in order to strike a balance between 
light-shielding properties and electrical conducdvity. It is 25 
preferred for the substrate having the light-shielding prop- 
erties of the present invention to have the volume resistivity 
of 1x10^ ohm-cm or higher and above all the volume 
resistivity of 1x10^ to 1x10^^ ohm cm and the surface 
resistivity of 1x10^ to IxlO^'* ohm/D. If the volume resis- 30 
livity is lower than 1x10^ ohm-cm, the dye and/or the 
pigment tends to be raised in concentration such that a film 
having saiisfaaory physical properties, and above all high 
adherence cannot be produced. If the volume resistivity is 
higher than 1x10'^ ohm-cm, the dye and/or the pigment 35 
tends to have low concentration, thus leading to insufBcicnt 
light-shielding properties. Similarly, if the sipface resistivity 
is lower than 1x10^ ohm/D, the dye and/or the pigment 
tends to be raised in concentration and hence poor in 
adherence, whereas, if the surface resistivity is higher than 40 
1x10'^ ohm/D, sufScient light-shielding properties occa- 
sionally cannot be achieved. 

If the black matrix portion of the light-shielding layer is 
used as a counterelectrode substrate for a TFT array sub- 
strate for black and white display, light modulation due to 45 
the liquid crystal orientation on the black matrix has the 
effect of preventing light leakage, so that higher electrical 
conductivity of the black matrix portion, that is the light- 
shielding portion, is desired. Specifically, the volume resis- 
dvity of lxl(P to 1x10' ohm-cm and preferably 1x10^ to 50 
1x10* ohm-cm and the surface resistivity of 1x10^ to IxlO' 
ohm/n and preferably 1x10^ to 1x10^ ohm/D is desired. If 
the volume resistivity is lower than 1x10^ ohm-cm, the 
electrically conductive fine particles usually need to be used 
in a higher concentration, which leads undesirably to infe- 55 
nor adhesivity of the light-shielding layer to the ITO sub- 
strate. If the volume resistivity is larger than 1x10^ ohm-cm, 
the liquid crystal display device becomes undesirably infe- 
rior in viewing properties. If the surface resistivity is lower 
than 1 xlO^ ohm/D, the elecuically conductive fine particles 60 
usually need to be used in a higher concentration, which 
leads undesirably to inferior adhesivity of the light-shielding 
layer to the ITO substrate. If the surface resistivity is larger 
than IxlO'/G, the liquid crystal display device may lack 
viewing properties. The lowering of viewing properties is 65 
due to the fact that the liquid crystal in contact with the 
light-shielding layer is not responsive to the voltage appli- 
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cation. Thai is, the TFT-LCD is usually employed m\h 
normally white so that the light polarized by the polarizing 
plate undergoes birefringence at the liquid crystal in contact 
with the light-shielding layer, thus imdesirably leading to 
light leakage in the vicinity of the pixels and hence to 
lowered contrast and inferior yiewability of the liquid crystal 
display device. Accordingly, in the black matrix of the 
present invention, it is not necessary to further form an ITO 
relative to the black matrix. 

If, on the other hand, the black matrix is used as the 
light-shielding layer of the color filter for the liquid crystal 
display device manufacnired by the electrodeposition 
metiiod, it is preferred for the black matrix portion to have 
low electrical conductivity in order to prevent the occur- 
rence of the phenomenon of electrodeposition of die elec- 
trodeposited layers of, for example, R, G and B on the black 
mauix portion. 

Specifically, it is desirable for the black matrix portion of 
die light-shielding layer to have the volume resistivity of 
1x10*^ to 1x10*^ ohm-cm and die surface resistivity of 1x10^ 
ohm/D to 1x10^^ ohm/D. If the volume resistivity is lower 
than 1x10^ ohm-cm, the phenomenon of over-coating, that is 
the phenomenon of the colored coating material being 
electrodeposited on the light-shielding layer undesirably 
tends to be produced. Above the volume resistivity of 
1x10*^ ohm-cm, light-shielding properties are extremely 
lowered, thus leading to lowered contrast of die color filter 
and lowered protective characteristics of TFT. Below the 
surface resistivity of Ixltf* ohm/D, the phenomenon where 
the colored coating material may be electrodeposited on the 
light-shielding layer (over-coating) may occur. If the surface 
resistivity is higher than 1x10^^ ohm/D, the light-shielding 
properties are significantly lowered, so that characteristics of 
the color filter, such as contrast, or protective characteristics 
of the TFT, are undesirably lowered. 

Of the above pigments, carbon black is preferred because 
it exhibits high light-shielding propeities even if used in 
small quantities. In view of light-shielding properties and 
stability of the electrodeposition coating material, it is 
necessary for the carbon black to have the maximum particle 
size of not larger than 1 pm. As for the maximum particle 
size of the carbon black on dispersion thereof, as measured 
by the light-scattering particle size distribution measurement 
device manufactured by OTSUKA ELECTRONICS CO., 
LTD. under die trade name of *TAR-in", the number aver- 
age particle size (dn) is desirably not more than ] \im and 
more desirably not more than 0.5 pm, while die weight 
average particle size (dr)/number average particle size (dn) 
is desirably not more than 2.5. It is more preferred for dn and 
the ratio dv/dn to be not more than 0.3 Nm and not more than 
2, respectively. If the maximum particle size exceeds 1 ^m, 
the electrodeposition coating material tends to be inferior in 
stability, while the resulting light-shielding layer tends to be 
inferior in smoothness or definition. The maximum particle 
size of not more than 1 \xm is desirable because the electrical 
conductivity of die light-shielding layer becomes more 
readily conu-ollable by suitably selecting die pigment^indcr 
resin mixing ratio or the heat treatment conditions as later 
explained. 

In general, if the electrically conductive material, such as 
carbon black, is used as a pigment in a dark-hued coating 
material, the daric-hued layer exhibits electrical conductiv- 
ity. It is possible widi the present invention to increase the 
electrical conductivity of the dark-hued layer to such an 
extent that the light- shielding layer can be utilized as the 
counterelectrode for a TFT array substrate, or to decrease the 
electrical conductivity of the daik-hued layer to such an 
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extern that the light-shielding layer can be satisfactorily 
employed as a light- shielding layer for the color filter 
manufaaiired by the clectrodcposilion method The black- 
hued black matrix exhibiting high light-shielding propenies 
may be produced if the above-mentioned dye and/or the 5 
pigment is used in an amount usually of 2 to 300 parts by 
weight and preferably 3 to 100 parts by weight to 100 parts 
by weight of the electrodepositlon binder resia 

If carbon black is employed as the pigment, it is possible 
to accord stability and reliability to the light-shielding layer jq 
on curing by heating and hence to produce the black-hued 
black matrix exhibiting light-shielding properties by 
employing usually 10 to 80 parts by wei^t and preferably 
20 to 60 parts by weight of the carbon black to lOO parts by 
weight of the electrodeposition bind^ resiiL The black 
matrix in which carbon black is dispersed in this marmer in 
the polymer matrix exhibits light reflectance which is lower 
than when the black matrix is manufactured by metal 
sputtering or the like. 

For producing a counterelectrode for a TFT array sub- ^ 
strate for black and white display using carbon black, the 
electrically conductive fine particles are preferably added in 
an amount of 30 to 80 parts by weight to 100 parts by weight 
of the electrodeposition binder resin. If the particles are 
added in an amount less than 30 pans by weight, the 25 
resulting black matrix is low in light-shieldiing properties 
and electrical conductivity, whereas, if the particles are 
added in an amount exceeding 80 parts by weight, the 
resulting black matrix is lowered in planarity and definition. 

As the above-mentioned electrodeposition binder resin, 39 
the resins having groups which become cationic or anionic 
groups when dissolved and/or dispersed in water may be 
employed. If a transparent substrate having an ITO trans- 
parent electrically conductive layer thereon is used as the 
substrate for electrodeposition, it is not desirable to perform 35 
cationic electrodeposition using a resin containing the 
groups which become cationic groups, because the ITO 
layer becomes oxidized by the acid contained in the elec- 
trodeposition solution. Thus it is prefenred to perform 
anionic electrodeposition using a resin containing the groups 40 
which become anionic groups. If cationic electrodeposition 
is to be preformed, a substrate which is not oxidized with the 
acid contained in the electi'odeposition solution, such as 
stainless steel or platinum, needs to be employed, and the 
light- shielding layer produced by electrodeposition needs to 45 
be transferred onto an actually employed transparent sub- 
strate, such as glass. As the resins containing cationic 
groups, those produced by introducing amino groups or 
onium groups, such as ammonium, sulfonium or phospho- 
nium, into acrylic, cpoxy, urcthane, polybutadiene of polya- 50 
mide resins and rendering the resulting material soluble or 
dispersible in water with acids such as formic acid, acetic 
aid, propionic acid or lactic acid, or with acidic substances. 

The anionic resins may be enumerated by, for example, 
acrylic resin, polyester resin, maleinated oil resin, polybuia- 55 
diene resin or epoxy resin containing carboxyl groups and 
rendered soluble or dispersible in water with basic sub- 
stances, such as triethylamine, diethyl amine, dimethyletha- 
nolamine or ammonia. The curing agents, which may be 
occasionally employed, may be suitably selected in view of 60 
suitability of addition thereof to the electrodeposition binder 
resin employed, and may be enumerated by, for example, 
melamine, benzoguanamine, urea, or derivatives thereof; 
amino resins, such as melamine or urea resins; phenolic 
resins; and blocked isocyanates. Those curing agents which 65 
remain eflfective at lower temperatures are preferably 
employed. The dark-hued coating material may fiixther be 



admixed with dispersion assistant agents for dyes or pig- 
rnents, or various assistant agents, such as levelling agents 
for improving smoothness of the coating film, viscosity 
controllers or anti-foaming agents. 

The dark-hued coating material may be produced by 
mixing the dye and/or the pigment, the composition con- 
taining the electrodeposition binder and, if necessary, the 
curing agent, organic solvent, water, acidic substances, basic 
substances, dispersion assistant agents for the dye or the 
pigment, levellers, viscosity controllers and the anti-foam- 
ing agents, suflSciently dispersing the mixture using com- 
monly employed dispersing means, such as sand mills, roll 
mills, attriters or ball mills, and diluting the resulting dis-* 
persion with water to preferably a pre-set concentration such 
as approximately 4 to 25 wt % and more preferably 7 to 20 
wt % of solid contents to give a coating material suited for 
electrodeposition. An organic solvent employed for disper- 
sion and dissolution of the resin for the photosensitive 
coating film may be suitably selected and employed for 
facilitating the dissolution and/or dispersion of the binder for 
electrodeposition or impro\ing bath stability or with a view 
to producing a smooth coating film. 

There is no limitation to the thickness of the dark-hued 
layer, that is the light-shielding layer, formed by elec- 
trodeposition coating, such that it may be suitably selected 
depending on the properties demanded of the color filter or 
the designing of the display device. In view of light- 
shielding properties, the dry thickness of the light-shielding 
layer is usuaUy 0.3 to 5 and preferably 1 to 3 fun. The 
thickness of the light-shielding layer may be selected from 
one coating material to another because it is varied depend- 
ing on the kind and the size of the dye and/or pigment 
employed or the mixing ratio of the electrodeposition binder 
resin. The film thickness may be controlled by adjusting the 
conditions of electrodeposition, such as coating voltage, 
electrodeposition time or liquid temperature. 

The conditions of electrodeposition coating for forming 
the dark-hued layer, such as voltage, electrodeposition time 
or liquid temperature, may be suitably selected depending 
on the kind of the dark-hued coating material or the thick- 
ness of the desired light-shielding layer. For example, the 
coating voltage may usually be a dc voltage of 5 to 500 V, 
preferably 10 to 300 V and more preferably 10 to 150 V, 
while the electrodeposition time is usually 5 to 300 seconds 
and preferably 10 to 200 seconds and the liquid temperature 
is 10° to 35° C. and preferably 15° to 30° C. Preferably, the 
current supply is discontinued after lapse of the electrodepo- 
sition lime necessary to obtain the desired film thickness, the 
substrate is taken out of the bath, freed of any excess bath 
liquid by washing with water and dried. 

With the method of the present invention, the daik-hued 
coaling electrodeposited on the substrate, that is the light- 
shielding layer, is heated, referred to hereinafter as the step 
(4). 

The heating may be carried out under such conditions as 
will permit the moisture in the light-shielding layer formed 
by electrodeposition of the steps (3-a) or (3-b) to be dried 
easily. If the resin for elecu^odeposition exhibits heat cur- 
ability, the curing by heating may be carried out under such 
condition as will permit cross-linking reaction to be com- 
pleted depending on the objective. Since the resistance to the 
developing solution and to alkali of the light-shielding layer 
may be influenced by, for example, the concentration of the 
acids contained in the coating film constituting the light- 
shielding layer, the heat treatment does not solely depend on 
its conditions. 
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If the lighl-shielding layer is not required to exhibit 
resistance to the developing solution or to alkali, or if the 
electrical conductivity of the light-shielding layer needs to 
be as low as possible, the heat treaunem may be carried out 
at a temperature of, for example, not higher than 1 50® C, 5 
preferably 80° to 140*^ C, usually for 0.5 minute to one hour 
and preferably for 1 to 30 minutes. By using these condi- 
dons, it is possible for the Hght-shielding layer to have 
pracucaUy acceptable electrical insulating properties, such 
as the volume resistivity of 1 xl 0* to 1x1 0 ohm-cm and the 
surface resistivity on the order of 1x10* 10 1x10^* ohm/D, 
even although the light-shielding layer is formed of carbon 
black and in case where colored layers of R, G and B arc to 
be subsequently electrodeposited. 

If the lighl-shielding layer requires to exhibit resistance to 
the developing solution or to alkali, and if electrical con- 
ductivity is to be as high as possible, heating may be carried 
out at a temperature of, for example, 130** to 270° C, 
preferably 140° to 250° C, for a time period usually 
employed for such heating. These conditions for headng 
may be suitably selected depending on whether the light- 
shielding layer formed in accordance with the present inven- 
tion is employed for a black matrix for a color filter or for 
a black matrix for a coimterelectrode for a TFT array 
substrate for black and white display. That is, when the black ^5 
matrix for the color filter is formed using carbon black as the 
pigment and, in succession thereto, the colored layers of red, 
blue and green hued layers are fonned by electrodeposition, 
it is preferred to carry out the healing under such conditions 
as will permit the moisture on the surface of the light- 
shielding layer formed by electrodeposition of the step (3-a) 
or (3-b) to be dried readily. It is preferred to carry out the 
Cluing by heating under such condition as will maintain 
electrical insulating properties inhibiting the electrodeposi- 
tion of the colored layer on the black mauix, that is, under ^5 
the conditions of the temperature of not higher than 180° C. 
and preferably 80 to 140° C. and the heating time of 2 to 120 
minutes. The electrical insulating properties in terms of the 
volume resisdvity of 1x10^ ohm-cm or higher, as stated 
previously, is desirable. Although the moisture is sufficiently ^ 
dried with the temperature exceeding 180° C, the volume 
resisdvity becomes less than 1x10^ ohm-cm when the car- 
bon black proportion satisfying the requirements for light- 
shielding properties is used, so that the colored layer is 
undesirably formed on the black matrix in the coiu^e of the 
formation of the colored layer by electrodeposition. 

If the colored layer is formed by electrodeposition, it is 
crucial to control the electrical conductivity of the light- 
shielding layer in order to prevent over-coating of the 
colored layer. There is no problem when forming the colored 50 
layer by the pigment-dispersing method or the. printing 
method, in which cases the heating of the light-shielding 
layer may be usually at 80° to 270° C. and preferably at 130* 
to 250° C. 

When employing the black matrix of the light-shielding 55 
layer for the counterelectrode for a TFT array substrate for 
black and white display, it is preferred for the black matrix 
to have the electrical conductivity acceptable in view of the 
function of the counterelectrode. For example, the heating 
may be carried out usually at 130° to 350° C, preferably at 60 
140° to 280° C, usually for 5 minutes to 3 hours, preferably 
for 10 minutes to 1.5 hours. In such case, a light-shielding 
layer having the volume resistivity on the order of lxl(P to 
1x10' ohm-cm may be produced. The counterelectrode 
having such black matrix needs to have some electrical 65 
conductivity because the liquid crystal on the black matrix 
has to be responsive to the voltage application. The electrical 



properties of the lighi-shielding layer may be controlled 
depending on the kind of the electrically conductive fine 
particles, the mixing ratio of the elecuically conductive fine 
particles to the binder resin for electrodeposition or the 
conditions of the heating. It suffices if die black matrix after 
healing exhibits the volume resistivity of 1x10^ to IxlO' 
ohm-cm, preferably 1x10^ to IxIO* ohm-cm. 

In addition, the electrical conductivity of the light-shield- 
ing layer may be controlled more extensively by selecting 
not oh\y die conditions of heating but also the proportion of 
the carbon black in the materials of the light-shielding layer 
within the above-mentioned range. In this case, it desirably 
becomes possible to select the volume resistivity in the 
range of from IxlO^ to 1x10^^ ohm cm and the surface 
resistivity in a range of from 1x10^ to 1x10*"* ohmd, as 
measured at 20° and 60% RH, depending on die usage and 
application. 

The present invention is also directed to a substrate 
having a light-shielding layer in which the carbon black 
having the maximum particle size of not more than 1 pm is 
dispersed in the polymer matrix and in which the light- 
shielding layer has die volume resistivity of not less than 
1x10^ ohm- cm and is formed on the transparent electrically 
conductive substrate. Although the light-shielding layer is 
produced most preferably by the above-mentioned method, 
it may also be produced by a method of forming the 
lighl-shielding layer on the patterned transparent electrically 
conductive subsu^te by electrodeposition, a method of print- 
ing the light-shielding layer on the patterned transparent 
electrically conductive substrate, or a photolithographic 
method. Of these, the photolithographic mediod resides in 
applying the light-shielding resin composition exhibiting 
photocurability on a substrate and drying the resin compo- 
sition followed by light exposure and development 

Referring to the drawings an embodiment of a counter- 
electrode substrate for a thin film transistor (TFT) array 
substrate for black and white display, and a liquid crystal 
display device for black and white display having the 
counterelectrode substrate incorporated therein, is hereinaf- 
ter explained. 

A liqiud crystal display device 10 for black and white 
display includes a TFT array substrate 12 for black and 
white display, a counterelectrode substrate 13 and a liquid 
crystal layer 11 sandwiched between the substrates 12 and 
13. The TFT array subsu^te 12 is made up of thin film 
transistors (TFTs) 12^? and pixel electrodes 12c driven by the 
TFTs, source bus lines 12d and gate bus lines (not shown) 
arranged on a transparent substrate 12^2. These components 
are covered by an iimcr alignment layer 12^ as shown. The 
counterelecu-ode substrate 13 is made up of a transparent 
substrate 13a, a transparent electrically conductive layer 13b 
formed on the transparent substrate 13a and a light-shielding 
layer 13c formed by electrodeposition coating of the dark- 
hued coating material. These components are covered by an 
outer alignment layer 13^f. Polarizing plates 14, 15 are 
mounted on the transparent substrates 12a, 13a, respec- 
tively. 

It is possible with the method of the present invention to 
produce a light-shielding layer having high definition and 
light-shielding capability and low light reflectance easily 
and with a high accuracy, and may be applied in particular 
to the preparation of a color filter for a liquid crystal display 
device or die like having superior properties. 

With the present invention, there may also be provided a 
counterelectrode subsu^te for a TFT array substrate for 
black and white display, having a black matrix excellent in 
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definition and light-shielding properties, and a TFT liquid 
crystal display device for black and while display employing 
the countereiectnxie substrate. The present invention ri- 
ders it possible to simplify the production process as com> 
pared to the conventional photolithographic production pro- ^ 
cess. 



EXAMPLES OF THE INVENTION 

The present invention is now explained with reference to 
Examples, Comparative Examples and Application 
Examples. However, these Examples are given only by way 
of illustration and are not intended for limiting the invention. 

Synthesis Example 1 

Preparation of Black-Hued Coating Material (Y-l) and Col- 
ored Coating Materials (Y-2, Y-3 and Y-4) 20 

An acrylic resin manufactured by TOA GOSEI CHEMI- 
CAL INDUSTRY CO., LTD. under the trade name of 
"ARON S-4030" was neuu^ized with triethylamine to pH 
of approximately 8 and admixed with deionized water to 
give an aqueous resin solution (S). 25 

To the aqueous resin solution (S), carbon black, azo metal 
salt red pigment, Phthalocyanine Green and Phihalocyanine 
Blue were added under agitation to prepare black-hued, 
red-hued, green-hued and bluc-hucd liquid pigment disper- 
sions. 

By a separate process, the above-mentioned acrylic resin 
is mixed with a melamine resin manufactured by SUMI- 
TOMO CHEMICAL CO., LTD. under the trade name of 
"SUMIMAL M-66B" and neutralized to pH of approxi- 
mately 8 with triethylamine. The neutralized mass was then 
admixed with deionized water to jjrepare an aqueous resin 
solution (T). 

The aqueous resin solution (T) was added to each of the 
respective hued pigment dispersions to produce a black- 
hued coating material (Y-1) and other hued coating materials 
(Y-2, Y-3 and Y-4) having the compositions shown in Table 
1 . The resuldng coating materials were thermosetting and 
exhibited anionic electrodeposition properties. The particle 
size distribution of the resulting coating materials was 
measured using a light-scattering particle size distribution 
measurement device manufactured by OTSUKA ELEC- 
TRONICS CO., LTD. under the trade name of *TAR-in". 
The results are shown in Table 2. 





TABLE 1 








50 


Coaling No. 


Y-1 




Y.3 






Color 


Black 


Red 


Gxecn 


Blue 




Aaylic lesin (*!] 


750.0 


750.0 


750.0 


750.0 




Melamine Resin (*2) 


mo 


250.0 


250.0 


250.0 


55 


Triethylamine 


61.8 


61.8 


61. S 


61.8 




Carbon black 


3333 










Phthalocyanine Blue (*3) 








300.0 




Phthalocyanine Green (*4) 






500.0 






Azo metal salt red 




500.0 








pigment (*5) 










60 



(*1) "ARON S-4030*' (mfd. by TOAGOSE CHEMICAL INDUSTRY CO., 
LTD.) 

(♦2) "SUMIMAL M66B" (mfd. by SUMFTOMO CHEMICAL CO., LTD.) 

(*3) "SR.I50C" (mfd. by SANYO SHIKISO KK) 

(♦4) "SAT* (mfd> by SANYO SHIKISO KK) 

{*5) -PIGMENT RED 4BS" (mfd. by SANYO SHIKISO KK) 

Unit is gnn. 
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TABLE 2 



Coaling No. 


Y-1 


Y-2 


Y-3 


Y-4 


Color 


Black 


Red 


Gxeen 


Blue 


Particle siz Omi) 










Mcdicn size 


0.165 


0.171 


0.176 


0.158 


Maximum panicle size 


034 


039 


039 


039 



Synthesis Example 2 

Preparation of Daric-Hued Coating Materials (Y-5, Y,6 and 
Y-7) 

In the aqueous resin solution (S) prepared by the Synthe- 
sis Example 1, fine powders of carbon black, antimony- 
containing tin oxide manufactured by CATALYSTS & 
CHEMICALS INDUSTRIES CO., LTD. under the U^de 
name of *'ELECOM TL-90", black-hued titanium oxide, 
manufactured by ISHIHARA SANGYO KAISHA. LTD. 
under the trade name of **S-r' and nickel manufactured by 
SUMITOMO METAL MINING CO., LTD. under the trade 
name of "ENP-005" were dispersed in pre-set amounts to 
prepare dark-hued coating materials. 

The aqueous resin solution (T) prepared in Synthesis 
Example 1 was added to each of the dark-hued coating 
material to give respective hued coating materials shown in 
Table 3. The coating materials thus produced were thermo- 
setting and exhibited anionic electrodeposition properties. 



TABLE 3 



Coating No. 


Y-5 


Y-6 


Y-7 


Acrylic resin 


750.0 


750.0 


750.0 


Melamine resin 


250.0 


250.0 


250.0 


Triethylannne 


61.8 


6L.8 


61.8 


Cazbon black 


300.0 


300.0 


300.0 


Sb-conlaining SnOj 


333 






Black titaniam oxide 




333 




Nickel 






333 



Unit is gram. 



Example 1 

On a "CORNING 7059" glass (trade name) available 
from CORNING JAPAN KK. 1.1 mm thick, having an 
indium tin oxide (TTO) film, 100 nm thick, on its surface, 
referred to hereinafter as a master plate 1, a positive pho- 
toresist composed of a naphthoquinone diazido compound 
and a novolak cresol resin manufactured by TOKYO OHKA 
KOGYO CO., LTD. under the trade name of "OFPR-800", 
was applied by a spin-coating method to have a dry film 
thickness of 3 |jm. The resulting product was irradiated by 
the light from an ultra-high pressure mercury lamp having a 
pre-set light-shielding pattern at 70 raJ/cm^ After develop- 
ment with a 2.4 wt % aqueous solution of tetramethyl 
ammonium hydroxide, the positive photoresist at the 
exposed portion was selectively removed to lay an ITO film 
surface thereat to the outside. After washing with water and 
drying, a dc voltage of 25 V was applied at 25° C. for 60 
seconds across the master plate 1 as an anode and a stainless 
steel beaker containing the black-hued coating material 
(Y-1) exhibiting anionic elecu-odeposition properties as a 
cathode, to perform electrodeposition. The master plate 1 
was hoisted from the stainless steel beaker, washed with 
ion-exchanged water and dried at 70** C for five minutes. 
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After heating at 120° C. for 10 minuies, the entire surface 
of the master plate 1 was then irradiated with the light of the 
above-mentioned ultra-high pressure mercury lamp at 100 
mJ/cm^ The master plate 1 was developed with a 14 wi % 
aqueous solution of tetramethyl ammonium hydroxide. It 5 
was seen that no change was noticed in the black-hued 
electiodeposited layer and any residual positive photoresist 
was removed in its entirety. After washing with water and 
drying, the master plate 1 having the high-precision light- 
shielding layer having a film thickness of 2 pm was pro- lO 
duced. 

The surface resistivity of the coating film, as measured 
with a four*tcnninal method, using a surface resistance 
meter manufactured by MITSUBISHI PETROCHEMICAL 
CO., LTD. under the trade name ofLORESTA", was 6x10* 15 
ohmd. The volume resistivity of the coadng film, as 
measured using an impedance analyzer manufactured by 
OTSUKA ELECTRONICS CO., LTD., was 2x10^ ohm cm. 
The optical density of the coating film, as measured with a 
densitometer manufactured by KONICA CO. under the ^0 
trade name of "KONICA DENSITOMETER PDA.65", was 
3.30. 



Example 2 



25 



The manufacture process of Example 1 was followed to 
form a high precision light-shielding layer followed by 
heating at 240° C for 60 minutes to prepare a master plate 
having a light-shielding layer having a film thickness of 2.0 
^m, The surface resistivity, the volume resistivity and the 
optical density of the light-shielding layer were 1x10^ 
ohm/^, 1x10^ ohm-cm and 3.3, respectively. 

Example 3 

The manufacture process of Example 2 was followed 
except that heating was performed at 1 80** C. for 10 minuies 
to prepare a master plate having a light-shielding layer 
having a film thickness of 2.0 ^m. The surface resistivity, the 
volume resistivity and the optical density of the light- 
shielding layer were 2x1 ohm/D, 1x10^ ohm-cm and 3.30, ^ 
respectively. 

Application Example 1 

Using a master plate having a light-shielding layer, 45 
obtained in Example 1, referred to hereinafter as the master 
plate 1, a color filter by the electrodeposition method as 
described hereinbelow was prepared. 

A positive photoresist manufactured by TOKYO OHKA 
KOGYO CO., LTD. under the trade name of "OFPR-800" 50 
was applied by the spin coating method on the master plate 
1 to give a dry film thickness of 3 pm. Then, using a 
photomask having a mosaic-shaped pattern in which the 
light exposure portions were larger vertically and horizon- 
tally by 10 ^mi than the gap between the light-shielding 55 
layers, light exposure and development were performed, for 
removing the portions exposed to light to thereby lay the 
ITO film thereat to the outside. Then, a dc voltage of 25 V 
was applied at 25° C for 60 seconds across the master plate 
1 as an anode and a stainless steel beaker containing the 60 
red-hued coating material 0^-2) exhibiting anionic elec- 
trodeposition properties as a cathode to perform the elec- 
trodeposition. The master plate 1 was hoisted firom the 
stainless steel beaker, washed with ion-exchanged water and 
dried. The resulting master plate was then heat-treated at 65 
nO'' C. for ten minutes to give a red-hued mosaic-shaped 
layer. Another mosaic-shaped layer neighboring the thus 



prepared mosaic-shaped layer was exposed to light and 
developed. The green-hued coating material (Y-3) was elec- 
trodeposited and heat-treated in the same way as for the 
red-hued coating material (Y-2). The operation was repeated 
for the blue-hucd coating material (Y-4) for preparing a 
color filter. During the above-mentioned electrodeposition 
steps, the phenomenon of over-coating of the colored coat- 
ing material on the light-shielding layer was not noticed. The 
developing liquid employed was a I wt % aqueous solution 
of sodium hydroxide containing 5 wt % of a surfactant 
manufactured by KAO CO., LTD. under the trade name of 
"PEREX NBL". For complete curing, the color filter was 
ueated at 180® C. for 30 minutes to give a color filter having 
a black-hued light-shielding layer exhibiting high accuracy 
and superior transparency, uniformity and planarity. 

Application Example 2 

Using the master plate 1 having die light-shielding layer 
produced by the Example 1, a color filter was prepared in 
accordance with the pigment dispersion method as described 
hereinbelow. 

Using a color mosaic system, manufactured by FUJI 
HUNT ELECTRONICS TECHNOLOGY KK under the 
u^de name of "CR-2000", "CG-2000" and "CB-2000", red, 
green and blue hues were charged in the gaps between the 
light-shielding layers, in accordance with the processing 
method as designated by these systems for producing a color 
filter having excellent planarity. The photomask employed 
for light exposure had the light-transmitting portions equally 
dimensioned to the gaps between the light-shielding layers. 

Example 4 

Using a master plate having a light-shielding layer, 
obtained in Example 2, referred to hereinafter as a master 
plate 2, a TFT liquid crystal display device for black and 
while display was prepared. A display device having supe- 
rior viewability was obtained. 

Reference Example 1 

A color filter was prepared in the same way as for the 
Example 4, using a master plate 2 having a light-shielding 
layer obtained in Example 2. While the red, green and blue 
hues were electrodeposited in the light-shielding layers, a 
color filter having only poor planarity could be obtained. 

Comparative Example 1 

Using the master plate 1 having the light-shielding layer 
prepared by the Example 1, a TFT liquid crystal display 
device for black and white display was prepared. The 
display device ±us prepared was inferior in viewability. 

Examples 5 to 7 

A positive photoresist "OFPR-800" was coated by the 
spin coating method on each "CORNING 7059" glass 
employed in Example 1 (the master plate 1) to have a dry 
film diickness of 3 \mL Each of the master plates 1 was 
irradiated with light from an ultra-high pressure mercury 
lamp via a mask having a pre-set light-shielding pattern. 
After development with a 2.4 wt % aqueous solution of 
tetramethyl ammonium hydroxide, the positive photoresist 
was selectively removed at the exposed portion for laying 
the no film surface thereat to the outside. Then, a dc 
voltage of 25 V was applied at 25° C. for 60 seconds across 
each master plate 1 as an anode and each stainless steel 
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' beaker containing each of the black-hued coating materials 
(Y-5, Y-6 and Y-7) exhibiting anionic electrodeposition 
propenies as a cathode, to perform the electrodeposition. 
Each master plate 1 was hoisted from the stainless steel 
beaker, washed with ion-exchanged water and dried at 70° 5 
C for five nunutes. 

The entire suiface of each master plate 1 was then 
irradiated with light of the above-mentioned ultra-high pres- 
sure mercury lamp at 100 mJ/cm^. After heating at 120° C. 
for 10 minutes, each master plate was developed with a 2.4 ^0 
wt % aqueous solution of tetramethyl ammonium hydroxide. 
It was seen that no changes were noticed in the black-hued 
electrodeposited layers and any residual positive photoresist 
was removed in its entirety. After washing with water and 
drying, each master plate having the high-precision light- 
shielding layer having a film thickness of 2 pm was pro- 
duced. 

After drying, each master plate was cured by heating at 
140" C. for 60 minutes to give a counterelectrode substrate 
for a TFT array substrate for black and white display. The 
surface resistivity, volume resistivity and OD values of the 
coating films obtained in this manner, are shown in Table 4. 
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TABLE 4 



Exainpie 
Coating No. 


5 

Y-S 


6 

Y-6 


7 

Y-7 


Surface resistivity 


1 xlO* 


1 xlO* 


1x10* 


(«/□) 








Volume resistivity 


2x10* 




2xlOi* 


(Q • cm) 








0 D value 


8.0 


8.0 


8.1 



Comparative Example 2 
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30 



35 



In a similar maimer to Synthesis Example 1, a black-hued 
electrodeposition coating material (Y-S) composed of 750.0 
g of the acrylic resin, 250.0 g of the melamine resin, 61.8 g 
of triethylamine, 30.0 g of Phthalocyanine Blue, 50.0 g of 40 
Phthalocyanine Green and 50.0 g of azo metal salt red 
pigment was prepared. Using this coating material, a glass 
substrate having a black-hued coating film having a film 
thickness of 2 )im was prepared in a manner similar to 
Example 1 . The surface resistivity and the volume resistivity 45 
of the coating film were measured and found to be 5x10*^ 
ohm/D and 2 xlO^^ ohm cm, respectively. Using this glass 
plate, a color filter was prepared in a manner similar to 
Application Example 1. The optical density of the light- 
sWelding layer of this color filter was 1.10. Wth this optical 50 
density, the color filter could not be practically employed 
because its characteristics, such as contrast, was extremely 
low. 



Comparative Example 3 



55 



In a similar manner to Synthesis Example 2, a black-hued 
coating material for electrodeposition (Y-9), composed of 
750.0 g of the acrylic resin, 250.0 g of the melamine resin, 
61.8 g of triethylamine and 1,000 g of nickel was prepared. 60 
Using this coating material, a glass substrate having a 
black-hued coating film having a film thickness of 2 ^m was 
prepared in a manner similar to Example 1. The surface 
resistivity and the volume resistivity of the coating film were 
measured and found to be 50 ohm/D and 40 ohm-cm, 65 
respectively. Using this glass substrate, a TFT liquid crystal 
display device for black and white display was prepared. 



The display device had the light-shielding layer of extremely 
low accuracy because of its poor adhesivity. 

Although the present invention has been described with 
reference to the preferred examples, it should be understood 
that various modifications and variations can be easily made 
by those skilled in the art without departing from the spirit 
of the invention. Accordingly, the foregoing disclosure 
should be interpreted as illustrative only and is not to be 
interpreted in a limiting sense. The present invendon is 
limited only by the scope of the following claims. 

What is claimed is: 

1. A method for preparing a substrate having a light- 
shielding layer for use as a counterelectrode substrate for a 
thin film transistor array substrate for black and white 
display, said method comprising the steps of: 

i) forming a positive photosensitive coating film on a 
transparent electrically conductive layer formed on a 
transparent substrate, 

ii) exposing said positive photosensitive coating film via 
a mask exhibiting light transmitting properties only at 
portions thereof registering with the light-shielding 
layer, 

iii) removing and developing the portions of the coating 
film exposed to light for exposing the transparent 
electrically conductive layer and electrodepositing a 
dark-hued coating on at least a portion of the exposed 
transparent electrically conducuve layer for forming 
the light shielding layer, and 

iv) heating said light-shielding layer, said light-shielding 
layer having a volume resistivity of 1x10^ to 1x10* 
ohm-cm. 

2. A method for preparing a substrate having a light- 
shielding layer for use as a counterelectrode substrate for a 
thin film transistor array substrate for black and white 
display, said method comprising the steps of: 

i) forming a negative photosensitive coating film on a 
transparent elecmcally conductive layer formed on a 
transparent substrate, 

ii) exposing said negative photosensitive coating film via 
a mask exhibiting light transmitting properties only at 
portions thereof other than those registering with the 
light-shielding layer, 

iii) removing and developing the portions of the coating 
film not exposed to light for exposing the transparent 
electrically conductive layer and electrodepositing a 
dark-hued coating on at least the exposed transparent 
electrically conductive layer for forming the light 
shielding layer, and 

iv) heating said light-shielding layer, said light-shielding 
layer having a volume resistivity of 1x10^ to 1x10^ 
ohm-cm. 

3. A method for preparing a substrate having a light- 
shielding layer for a color filter of a liquid crystal display 
device comprising the steps of: 

i) forming a positive photosensitive coating film on a 
transparent electrically conductive layer formed on a 
transparent substrate, 

ii) exposing said positive photosensitive coating film via 
a mask exhibiting light transmitting properties only at 
portions thereof registering with the light-shielding 
layer, 

iii) removing and developing the portions of the coating 
film exposed to light for exposing the transparent 
electrically conductive layer and electrodepositing a 
dark-hued coating on at least a portion of the exposed 
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transparenl electrically conductive layer for forming 
the light shielding layer, and 
iv) healing said light-shielding layer, said light-shielding 
layer having a volume resistivity of 1x10* to 1x10*- 
ohm*cm. ^ 

4. A method for preparing a substrate having a light- 
shielding layer for a color iilter of a liquid ciystal display 
device comprising the steps of: 

i) forming a negative photosensitive coating film on a 
transparent electrically conductive layer formed on a 
transparent substrate, 

ii) exposing said negative photosensitive coaling film via 
a mask exhibiting light transmitting properties only at 
portions thereof other than those registering with the 
light-shielding layer, 

iii) removing and developing the portions of the coating 
film not exposed to light for exposing the u^spaient 
electrically conductive layer and electrodepositing a 
dark-hued coating on at least the exposed transparent 20 
electrically conductive layer for forming the light 
shielding layer, and 

iv) heating said light-shielding layer, said light- shielding 
layer having a volume resistivity of IxlO'' to 1x10'^ 
ohm-cm, 25 

5. The method as claimed in claim 1 or 3 wherein said 
transparent substrate is selected from the group consisting of 
quartz, glasses, polyester, polyphenylene sulfide, epoxy 
resin, acrylic resin, polymethylpentene, polyimides, poly- 
carbonates, poly amides, polysulfones, polyether, polysty- 30 
rene, acxylonitrile-styrcne copolymers, cellulose triacetate 
and mixtures thereof. 

6. The method as claimed in claim 1 or 3 wherein said 
transparent electrically conductive layer is formed of a 
material selected from the group consisting of tin oxide, 35 
indium oxide, indiimi-tin oxide and antimony oxide. 

7. The method as claimed in claim 1 or 3 wherein said 
positive coating film is selected from the group consisting of 
compounds containing quinone diazido groups, compounds 
having diazomeldnmi*s acid, compounds having niiroben- 40 
zyl esters and a composition containing at least one of said 
compounds. 
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8. The method as claimed in claim 2 or 4 wherein said 
negative photosensitive coaling film contains a material 
selected from the group consisting of a resin and a prepoly- 
mer each having an ethylenic double bond capable of 
cross-linking by light, a coloring agent selected from the 
group consisting of a dye, a pigment and mixmres thereof, 
and a photopolymerizaiion initiator. 

9. The method as claimed in claim 2 or 4 wherein said 
negative photosensitive coating film further contains a low 
molecular (meth)acrylate. 

10. The method as claimed in claim 8 wherein said 
photopolymerizaiion initiator is selected from the group 
consisting of benzoins, benzoin ethers, benzyl alkyl ketals, 
benzophenones, anthraquinones, thioxanthones and mix- 
tures thereof, 

H. The method as claimed in claim 1 or 3 wherein said 
dark-hued coating contains a coloring agent selected from 
the group consisting of carbon black, graphite, vanadium 
uioxide, manganese dioxide, molybdenum disulfide, triiron 
teu^oxidc. Aniline Black, Sudan Black B, Acid Black 1 and 
52, Fast Black K Salt, Nigrosin and mixtures thereof. 

12. The method as claimed in claim 2 or 4 wherein said 
transparent substrate is selected from the group consisting of 
quartz, glasses, polyester, polyphenylene sulfide, epoxy 
resin, acrylic resin, polymethylpentene, polymides, polycar- 
bonates, polyamides, polysulfones, polyether, polystyrene, 
acrylonitrile styrene copolymers, cellulose triacetate and 
mixtures thereof. 

13. The method as claimed in claim 2 or 4 wherein said 
transparent electrically conductive layer is formed of a 
material selected from the group consisting of tin oxide, 
indium oxide, indium-tin oxide and antimony oxide. 

14. The method as claimed in claim 2 or 4 wherein said 
dark-hued coating contains a coloring agent selected from 
the group consisting of carbon black, graphite, vanadium 
Irioxide, manganese dioxide, molybdenum disulfide, triiron 
teu^oxides Aniline Black, Sudan Black B, Acid Black 1 and 
52, Fast Black K Salt, Nigrosin and mixtures thereof. 

« * * 4c * 
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ABSTRACT 



A high optical density, i.e., ^3.0, at 1 micron or less film 
thickness, black matrix is disclosed having improved stabil- 
ity and shelf life as a consequence of admixing Pigment 
Black 7 and organic dye or dye mixtures on a polyimide 
polymer vehicle. 
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HIGH OPTICAL DENSITY ULTRA THIN 
ORGANIC BLACK MATRIX SYSTEM 

BACKGROUND OF INVENTION 

1. Field of laventioo 

The present inveDtion relates to organic black matrices for 
color filler plate manufacture and to methods for making the 
same. It particularly relates to black matrices, having high 
optical density at ultra thin film thicknesses, excellent 
evenness, high su-ength, low cost and being useful for the 
production of a variety of display devices. 

2. Background of the Prior Art 

Multicolor liquid crystal displays (LCDs) are routinely 
produced having a thin, l^ht-absorbent film, called a black 
matrix, applied to an array of color pixels which together 
form a color filler plate. The processing of such color filter 
plates remains one of the most troublesome steps during 
mass production of the LCDs because such processing 
normally employs a black matrix film made from sputtered 
chrome. 

A spin-coatable, organic polymer based black matrix 
would tend to be more environmentally friendly than 
chrome, easier to reproduce, and offer lithographic process- 
ing advantages. However, there are at least two types of 
color filter plates for LCDs where organic polymer black 
matrices are woefully expensive and/or lack the desired 
performance. That is, the unavailability of an organic black 
matrix photoresist having sufficiendy high optical density at 
ultra thin film thickness, has hampered the advancement of 
1) thin fihn transistor (TFr)-arrays for TFT-LCDs and 2) 
super twisted nematic (STN) LCDs. 

The optical density (O.D.) of the black matrix must be 
greater than 2.0 in order to block the transmission of light to 
the TFT or STN displays. Otherwise, photo leaks from 
non-display areas will reduce the contrast ratio and create 
adverse photo leakage current. In other words, one can 
enhance the conU-ast of the LCD by eliminating the light 
leakage which would otherwise occur through spaces pat- 
terned between the red, green, and blue (RGB) pixels on the 
color filter plate. The technical goal is to keep the light 
transmission at or below 1%, across the entire spectrum of 
from ultraviolet to infirared, at ultra thin black matrix film 
thicknesses. 

It has proven extremely difBcult, if not impossible, to 
manufacture an organic black matrix having an O.D. of 
^3.0 at ultra thin black matrix fikn thicknesses. Although 
O.D. greater than, or equal to, 2.0 have been achieved for 
organic black matrices at a 2 micron polymer thickness, such 
thick layers tend to cause a number of defects. For example, 
the so-called reverse tilt inside each pixel display area 
occurs at a gap of 2 microns. Reverse tilt causes defects in 
image and contrast deterioration. Overcoming that 
drawback, inter alia, requires an organic black matrix film 
having O.D. greater than 2.0 at a thickness of 1.0 micron or 
less. 

Chrome Based Black Matrix 
Therefore, despite 

1) the high cost-of-ownership, 

2) the complexity of the sputtering process, 

3) the potential environmental problems, and 

4) a higher reflectance than desired, 

the most common black matrix material has continued to be 
sputtered chrome. Vacuum evaporation and other coating 
techniques for metals such as nickel, aluminum and even 
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chromium have been contemplated, but sputtering remains 
the most conomon technique and chrome remains the most 
common material, because other techniques and other 
materials, thus far, lack sufficiently high O.D. (^3.0) to 
5 provide enhanced contrast and high resolution, at sufS- 
ciently ultra thin thicknesses (1 micron or less) to be 
commercially effective for various display applications such 
as TFT and STN. 

U.S. Pat. No. 5,378,274 by Yokoyama, et al., and U.S. Pat. 
No. 5,587,818 by S. Lee disclose typical chrome based black 
matrices for LCD's. That is, chromium is sputtered to form 
a thin film of about 2000 A. As previously discussed, such 
sputtering is an tmdesirably complex and expensive manu- 
facturing process which poses serious environmental prob- 
lems. 

^5 Dye Based Black Matrix Systems 

U.S. Pat. No. 4,822,718 by Latham discloses an alterna- 
tive potential black matrix for color filters, it contains a 
polyimide precuirsor vehicle and dyes. The color filters are 
used in color liquid crystal displays, light emitting diodes, 

20 photodiodes, and soL'd state lasers. However these black 
matrix compositions have several drawbacks, as a conse- 
quence of using dyes, rather than pigments, as the coloring 
agents. The dyed systems have lower heat, light and chemi- 
cal resistance than desired for many applications. Moreover, 

25 dyes are not completely soluble in the solvent and polyimide 
vehicle system, thus the dyes fail to absorb light across a 
sufficiently broad spectrum of wavelengths. For example, 
Latham uses blue and brown dyes and, while not illustrating 
any data on oplical density, we have that the desired optical 

30 density (=3.0) is not achievable using blue and brown dyes. 
Also, the dyed composition has long process steps which 
tend to lower production yield and raise fabrication cost 

U.S. Pat. No. 5,176,971 by Shimamura, et al., also dis- 
closes a dyed black matrix composition for color filters, 

35 which contains dyes and a polyimide precursor vehicle for 
use in color LCD devices. Its system is subject to fading as 
a consequence of the composition's limited heat stability. 
The dyes are said to have a relatively low thermal resistance. 
Additionally, a resin-surface modifier is added to the com- 

40 position so as to impart water and oil repellency to the 
surface of the coating layer. The presence of excessive 
amounts of this surface modifier, however, impedes conlrol 
of the uniformity of the thickness of the coating layer. Thus, 
even with the surface modifiers, the composition shows poor 

45 performance with respect to heat, light and chemical fast- 
ness. Furthermore, relative weight proportions of dye and 
polyimide must be carefully controlled; otherwise excessive 
dye will leak into the photoresist at a later step. 

Pigment-Carbon Black Based Black Matrix Systems 

50 It has been disclosed by Hesler, et al., in the article 
"Pigment-Dispersed Organic Black Matrix Photoresists for 
LCD Color Filters," SID Digest, 26:446 (1995); that carbon 
black dispersed in acrylic polymer provided an average 
optical density of 2.8 for 1.5 ^ film thickness. However it 

55 reports poor reproducibility and poor coating properties. The 
composition needed improvement in image quality. 

As disclosed by Yamanaka, et al., in his article, "Inte- 
grated Black Matrix on ITT Arrays," SID Digest, 23:789 
(1992); carbon black, even with advanced acrj'lic photo 

60 polymer, does not achieve OD greater than 2.0, at thickness 
less than 2 /zm without creating crosstalk. Yamanaka also 
describes the disadvantage of a 2 /an "step size" (or 
thickness). It is so large thai it results in reverse tilt inside 
each pixel display area. This causes spot defects in image 

65 and contrast deterioration. 

Hasumi, et al., in his article "Carbon Dispersed Organic 
Black Matrbc on Thin Film Transistor," Prcxr. of Int. Display 
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Res. C(mf. (£uroDisplay-96), 16:237 (1996) also discloses a pigments; 9) excelleDt coating and imaging characteristics; 

carbon black dispersed system providing OD more than 2.0 and (10) much lower manufacturing cost compared to 

at 13 fim film thickness, but presumably, like Yamanaka, it chrome black matrices. 

is also subject to crosstalk. The composition keeps transmission at or below 1% 

U.S. Pat. No. 5368,976 by Tajima, el al., discloses 5 across the spectrum at a film thickness of 1 /nn or less 

another pigment-dispersed color filter composition useful (ensuring O.D. ^3.0), while achieving excellent imaging 

for the production of LCD and charged coupled devices. The characteristics. This system is a high performance, low cost 

s>'stem requires controlling the molecular weight (M.W.) of alternative to chrome! 

a radiation-sensitive acrylic block copolymer vehicle. If ^^^^^^ ^^^^ developed a novel very high optical 

M.W, exceeds 500 000, then scum develops around the lo density (^3,0 @ 1 /mi or less film thicknesses) black matrix 

pixels, causmg msufficienl sharpness at pattern edge, surface ^ applications including, 

soihng, and ex^ss re^^ at non-pixel portions. If M W. is ST^^ EL, and plasma. 

less than 10,000, the development tune margin is deleten- , / r . . , ^ ■ r \. 

ously decreased. TTie radiation-sensitive copolvmer compo- ^ 1^^^^^°^^ ^ P"°^^P ^ ^^J^^^ °f P^^«^°^ 

sition promotes adhesion to the substrate, facilitates trans- 15 P^°^^^^ ' ^^P^"°^ ^'^^^^ 

mittance and aids in color contrast. The acrylic type It is a further object of the present mvention to provide a 

copolymer has limited thermal stability and poor photo- novel method and composition having high heat, light, 

speed. The pigment, copolymer and a radiation sensitive chemical resistance and high adhesive strength, particularly 

component are dispersed via grinding in a ball mill for 18 0° S^^ss substrates. 

hours which is unduly time consuming. The dispersed 20 It is an additional principle objective of the invention to 

pigment is filtered through a 10 ^m filter which allows provide a very high optical density material well suited for 

pigment particle sizes in the formulation which fabricate various display applications and which can be applied by 

into low transparency film. The shelf life of one week in a spin coating and patterned by photolithography, 

dark place at room temperature is too short. The dispersion ii is ajso an object of the invention to provide a simpler 

needs dark conditions and is not stable after one week. The 25 process with higher performance standards and superior 

composition uses Pigment Black 1 and Pigment Black 7 environmental safety. 

only. Pigment Black 1 does not provide high optical density ^ additional object of the invention to provide a 

and the process does not use any dyes. ^ ^^1^^ manufacturing and processing 

In summary, the previous black matnces have several time, and exceUent shelf Ufe at low cost compared to chrome 

drawbacks which may be listed as follows: 30 j^j^^j^ matrices 

Chrome based black matrix suffers from, inter alia, high 

cost, poor adhesion, and toxicity concerns. BRIEF DESCRIPTION OF THE DRAWINGS 

Dyed matrices are limited by the generally lower absorp- 
tivity of black dyes in comparison to black pigments and the FIG. 1 is a flow chart explaining the manufacturing 
limited solubility of such dyes either in solvents or a 35 process of a black matrix according to the present invention, 
polymer matrix. Also, dyed formulations do not provide FIG. 2 is a graph showing transmission spectra of 1 ;mi 
sufficient heat, light and chemical stability. cured film obtained in Example 1. 

Pigmented coatings suffer from one or more of the fol- pjG. 3 is a graph showing absorbance spectra of 1 jum 

lowing problems: 1) the formulations are unstable against ^ured film obtained in Example 1 (optical density- 

gelation or flocculation at the required high carbon black 40 absorbance @ 540 nm) 

loadings, making it very diflScult to have long shelf life for a i. . n -.u u i . ■ t_ *i. 

,u • f A i i\ f .u r 1 A ' J FIG. 4 shows sets of hthography data using both oonvec- 

the pigmented systems; 2) if the formulations are designed . ju.i*ouT 

4 u u . ♦u . u . u- ui 1 J J -.u liOD oven and hot-plate 6-bake processes. 

to be photosensitive, they can not be too highly loaded with r r r 

carbon black without losing their imaging properties; and 3) ^ ^ ^ schematic diagram illustratmg photo of a 

formulations containing non-carbon black pigments do not 45 resolution dagger. 

provide very high optical density, while 4) carbon black FIG. 6 demonstrates Scanning Electron Microscope 

pigments have panicle sizes too large to permit sufficiently (SEM) of the black matrix material after resist removal and 

thin layer thickness at the requisite high optical densities. final cure. 

The cited prior art reveals the need for a black matrix FIG, 7 demonstrates excellent thermal stabihty at 230** C. 

composition with very high optical density (^3.0), and with 50 for 7 hours for Example 1. 

heat, light, and chemical fastness and longer shelf life. The piQ g demonstrates the superior light resistance of the 

prior art also illustrates the need for a composition with low ^lack matrix from Example 1 after 2.8 million lux hours 

cost, less manufacturing (and processing) time, long shelf exposure, 
life, and environmentally safe. 

55 DETAILED DESCRIPTION OF THE 



SUMMARY OF THE INVENTION 



INVENTION 



The present invention is directed towards a black matrix 

composition comprising a pigment:dye system for use in the role of black matrix is lo block the TFT from light and 

manufacture of various display applications. This black to protect the conU-ast ratio from reduction which might arise 

maU-ix: 1) can be applied by spin coating; 2) can be imaged 60 possible photoleaks through nondisplay areas, 

using the same process used for RGB pixels; 3) can be The novel black matrix system of the present invention is 

developed using the same process used for RGB pixels; 4) characterized by an optical density of equal to or greater than 

the average optical density for the 1 fim or less film 3.0 at a cured film thickness of 1 /m or less. The system 

thicknesses over the region 400-700 nm of ^3.0 (very comprises a pigment:dye combination in a predetermined 

high); 5) has longer shelf life (can be more than three months 65 proportion. The polymer vehicle for the black matrix of the 

at room temperature and more than one year in freezer); 6) present invention typically includes a polyimide precursor 

less grinding time; 7) less spin coat time; 8) inexpensive which reacts in situ to form a polyimide resin. The pigment 
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component of the composition is an inexpensive, high 
performance caibon black, preferably Pigment Black 7. The 
dye component may be a solvent soluble, light absorbing 
dye, preferably a blue and brown mixture. Suitable solvents 
include cyclic ketones, alcohols, esters, ethers and their 
mixtxires. The pigment and dyes used in the present inven- 
tion are preferably compatible with the polyimide resin and 
a suitable dispersant. 

lypical Compositions 

Polyimides are well known for high thermal stability, 
resistivity and dielecuic strength. They provide excellent 
imaging characteristics, dyeability and coating properties. 
The vehicle for black matrix typically includes a polyimide 
precursor which reacts in use to form a polyimide resin. The 
precursor typicaUy includes a polyamic acid (PAA) prepared 
by reacting oxydianiline (ODA) with pyromellitic dianhy- 
dride (PMDA) and/or benzophenone letracarboxylic dian- 
hydride (BTDA). The vehicle components being present in 
appropriate stoichiometric amounts (U.S. Pat. No. 4,822, 
718). Other equivalent polyamic acids and polyamic pre- 
cursors may be used which are summarized in Table 1. 

TABLE 1 



DIAMINES 



DIANHYDRIDES 



p-Phenylenediamme 

3,3'-dimcthy-4,4'-diaininobiphcnyJ 
1 ,4-bis(4-ammophenoxy)bexizene 

4,4'-Bis(4-aminophenox>')-biphcnyI 
Bis-4(-f4-aininophcnox}'J)heDyl)ether 

4,4'-Oxydianyine • 

4,4'-DiaminodiphcnyI sulfide 
4,4'-Diainmodipbenyl sulfone 
2^"-Bis(4-[4- 

aminopbenoxy]pbcnyl)sulfone 
9,10-bi£(4-amiiiophenyl)-amhraceae 



3, 3', 4,4 Bcnzopbc nonc- 
tetracarboxylic dianhydride 
Pyromeilitic dianhydride 
3,3',4,4'-Biphenyl letracarboxylic 

dianhydride 

4,4'-OxydiphtbaHc anhydride 
3,3',4,4'- Diiphenylsulfoac 
tetracarboxylic-dianbydride 
1,2^,4-cycl'obulane- 
teuacarboxyiic dianhydride 
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mance and low cost carbon black pigments which are 
preferred for the very high optical density required in TFT, 
TN, STN, EL and plasma applications include the different 
types and grades of high color, low cost, surface treated 
carbon black pigments which are listed in the Color Index as 
Pigment Black 7, C.I. #77266. The final panicle size of the 
pigment is 0.01 to 0.2 microns. Pigment Black 7 may be 
kno\\Ti as acetylene black, channel black, furnace black, and 
thermal bladt. Examples of tradenames for Pigment Black 7 
are parenthetically expressed as set forth below. Pigment 
Black 7 (Monarch 1 000; Cabot Corporation), Pigment Black 
7 (Monarch 1100; Cabot Corporation), Pigment Black 7 
(Monarch 1300; Cabot Corporation), Pigment Black 7 
(Monarch 1400; Cabot Corporation), Pigment Black 7 
15 (Raven 7000; Columbian Chemical Co.), Pigment Black 7 
(Raven 5000 Ultra; Columbian Chemical Co.), Pigment 
Black 7 (Special Black FW 200; Degussa Corporation), 
Pigment Black 7 (Special Black 6; Degussa Corporation), 
Pigment Black 7 (Special Black 4; Degussa Corporation). 

Examples of solvent soluble, light absorbing dyes useful 
in the present invention are DARC 100 (Brewer Science, 
Inc.; U.S. Pat. No. 5,340,619), Solvent Black 35 (Zapon 
Black X50; BASF Corporation), Solvent Black 27 (Zapon 
Black X51; BASF Corporation), Solvent Black 3 (Neptun 
Black X60; BASF Corporation), Solvent Black 5 (Flexo 
Black X12; BASF Corporation), Solvent Black 7 (Neptun 
Black NB X14; BASF Corporation), Solvent Black 46 
(Neptun A Black XI 7; BASF Corporation), Solvent Black 
47 (Neopen Black X58; BASF Corporation), Solvent Black 
28 (Orasol Black CN; Ciba-Geigy Corporation), Solvent 
Black 29 (Orasol Black RL; Ciba-Geigy Corporation), Sol- 
vent Black 45 (Savinyl Black RLS; Sandoz Corporation). 

Table 2 shows examples of compositions of the invention 
evaluated along with their effects on the shelf life of the 
black matrix. Polyimides in Table 2 are polyamic acids 
typically prepared by reacting ODA with PMDA and/or 
BTDA. The dyes used in DARC 100 are typically a mixture 
of Solvent Brown 44 (Orasol brown LRL) and Solvent Blue 
67 (Orasol blue ON), the ratio of which is from 1:3 to 5:1 
40 by weight, preferably 1.3:1.0. Disperbyk 164 is used in each 
sample and the amount of Pigment Black 7 was the same as 
in &cample 1. 
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TABLE 2 



DYE COMPONENT/ 

C. L NAME POLYMER COMPANY 



SHELF UFE OF BIACK MATRIX 
ROOM TEMPERATURE FREEZER 



No dyes 


Polyimide 




1 day 


3 days 


DARC 100 ® 


Polyimide 


Brewer Science ^ Inc. 


>90 days 


>365 da>'s 


Solvent Black 35 


Polyimide 


BASF Corporation 


34 days 


90 da\s 


Solvent Black 27 


Polyimide 


BASF Cbrporation 


5 days 


19 (la>'s 


Solvent Black 3 


Polyimide 


BASF Corporation 


14 days 


40 da>'s 


Solvent Black 5 


Polyimide 


BASF Corporation 


10 days 


36 da>'s 


Solvent Black 7 


Polyimide 


BASF Corporation 


12 days 


39 days 


Solvent Black 46 


Polyimide 


BASF Corporation 


4 days 


16 days 


Solvenl Black 47 


Polyimide 


BASF Corporation 


5 days 


18 da)'s 


Solvent Black 28 


Polyimide 


Ciba-Geigj' Corporation 


13 days 


38 days 


Solvent Black 29 


Pol>'imide 


Ciba>Geig>' Corporation . 


12 days 


40 dhys 


Solvent Black 45 


Polyimide 


Sandoz Corporation 


36 days 


92 da>'s 
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Pigments of the present invention are macroscopic particles 
having high surface area and a strong tendency to flocculate. 
Flocculation can create haze and light scattering aggregates 
and cause inconsistent processing as a result of variations in 
solution rheology. However, in the present invention, a 
stable dispersion with superior processing and performance 
characteristics is achieved. Examples of the high perfor- 



A broad spectrum of dispersants were screened by mea- 
suring the viscosity of pigment dispersion at different shear 
rates. The viscosity of a Newtonian dispersion is indepen- 
dent of the rate of shear. Table 3 represents the various 
dispersants evaluated, and includes the stability of the dis- 
persions. 
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TABLE 3 



DISPERSING AGENT 


CXJMPAN^ 


CLASS 


STABHTTY OF 
DISPERSION 


L/isperoyK- 1 ou 


Byk-Cbemie 


Catiocic 


o nn». 


Dispcrbyk* 1 61 


B yk-Cheinie 


C&tiooic 


10 hrs. 


L/jspcroyk- J Oi 


DyK-Cucmic 


Cationic 


o nzs. 


Disperbyk-l 63 


Byk-Chcmie 


Cationic 


22 hrs. 


Disperbyk-164 


Byk-Chemic 


Cationic 


24 his. 


Dispcrbyk-166 


Byk-Chcmic 


Cationic 


3 his. 


Lactimon 


Byk-Cbemie 


Aiiionic 


8 hrs. 


Bykumen 


Byk-Chcmie 


Anionic 


10 hrs. 


Dumasperse 535 


Hlckson 


Anionic 


2 his. 


Dumaspeise 540 


Hickson 


Anionic 


8 his. 


Dumasperse 545 


Hidcson 


Anionic 


1 hr. 


Mazspeise 85B 


PPG 


Nonionic 


10 hrs. 


Mazspcrec SF 19 


PPG 


Nonionic 


3 hrs. 


Nuospcree 657 


Huk 


Nonionic 


2 hrs. 


Nuosperse 700 


Huls 


Anionic 


9 his. 


Sol^ise 12000 


ZenecB 


Anioaic 


3 hrs. 


Solsperse 27000 


Zeneca 


Nonionic 


8 his. 
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Some dispersaots are complelely ineffective, whereas others 
give fair results. Suitable dispersants include Disperbyk-l 63 
(BYK-Chcmie, USA) and Disperbyk-164 (BYK-Chcmie, 
USA). Disperbyk-l 63 is a cationic dispersant composed of 
solution of higher molecular weight blocked copolymers 
with groups having strong aflBnity lo pigments. It is less 
polar and is used primarily in general industrial coatings and 
to produce pigment concentrates. It provides a preferred 
embodiment and an improvement over others during storage 
stability tests. It shows good compatibility with resin, pig- 
ments and solvents. Dispeibyk-164 is a catioaic dispersant 
composed of solution with high molecular weight block 
copolymers with groups having strong afSnity to pigments. 
It is less polar and its solids content is higher. It does not 
contain aromaiics. It provides even better storage stability 
than Disperbyk 163. Suitable solvents include N-methyl-2- 
pyrrolidone (NMP), dimethylacelamide (DIVIAC), dimeth- 
ylformamide (DMF), cyclohexanone, bis-2-methylethyl 
ether (diglyme), tetrahydrofurfuyl alcohol (THFA), dimeth- 
yku If oxide (DMSO), xylenes, cyclic ketones, alcohols, 
esters, ethers and their mixtures. 

Particularly Preferred Embodiments and Best Mode 

The polymer vehicle for the preferred black matrix of the 
present invention includes a polyimide precursor which 
reacts in situ to form a polyimide resin. The precursor 
typically includes a polyamic acid prepared by reacting 
oxydianiline (ODA) with pyromellitic dianhydride (PMDA) 
and/or benzophenone tetracarboxylic dianhydride (BTDA). 
Other equivalent polyamic acids and polyamic precursors 
may be used; however, that sold under the trade name 
DARC polymer by Brewer Science is particularly preferred. 
Its components are present in appropriate stoichiometric 
amounts. (See U.S. Pat. No. 4,822,718.) Pigment Black 7 
(Monarch 1000; Cabot Corporation) produced particularly 
preferred results for very hi^ optical density and generating 
stable dispersions. The combination of brown and blue dyes 
at a weight: weight ratio of about 1.377:1.0 sold under the 
name DARC 100 (Brewer Science, Inc.; U.S. Pat. No. 
5340,619) and previously described is particularly preferred 
because it provides uniform coating and exceptional stabil- 
ity. (See Table 2.) Disperbyk-164 (BYK-Chemie, USA), was 
surprisingly stable and yielded the best mode dispersant. It 
improves pigment wetting, reduces the time required for the 
grinding process, prevents re-flocculaiion of the pigments, 
prevents hard sedimentation, reduces viscosity and avoids 
tbixotropy, maintains better flow (rheology), prevents flood- 
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ing and floating of the pigments, thus improving the degree 
of dispersion, and increases the gloss and color strength of 
the finished products. It shows excellent compaability with 
resin, pigments and solvents. The most preferred solvents 
for the composition of the present invention are N-roethyl> 
2-pyrroLidonc (NMP) and cyclohexanone, or mixtures 
thereof. 

The following examples illustrate the process and product 
of the present invention. The pigment dispersion is carried 
out in Eiger Mini- 100 motor miU using 0.65 mm yttrium 
stabilized zirconium oxide beads. All percentages are by 
weight unless otherwise stated. 

EXAMPLE 1 

In a plastic beaker equipped with mechanical stirrer is 
added 24.06 g of N-meihyl-pyrrolidone (NMP), 105.84 g of 
cyclohexanone, 3.776 g of Disperbyk-164, 41.22 g of 
DARC polymer solution (22.9% solids in NMP only), 18.88 
g of Monarch 1000 pigment and 60 g of DARC 100 dye 
solution. The mixture is stirred at 3000 rpm for 15 min. This 
pigment slurry is then added to Eiger M-lOO mill at 1000 
rpm over a period of 15 minutes. The beaker is then rinsed 
with 50 g of N-methyl-pyrroiidone and rinse added to the 
mill. The grind speed is slowly increased to 3000 rpm. The 
mill is then run at 3000 rpm for 90 minutes. Formulation is 
then filtered through 0.2 ,um filters. The formulation is 
summarized in Table 4. 



TABLE 4 


CHEMICAL CONSnrUENT 


WEIGHT IN GRAMS 


N-methyl-p>'rrolidonc: 


74.06 g 


Cyclohexanone: 


105.84 g 


Disperbyk-164: 


3.776 g (20% of Ihc weight of pigment) 


DARC polymer polyanic 


41.22 g (22.9% EoHds in NMP only) 


35 add solution: 




Monarch 1000 pigment: 


18.88 g 


DARC 100 dye solution: 


60 g 



DARC 100 solution typically contains 320 parts dye solids, 
40 400 parts polymer solids and 3,280 parts solvent. Table 5 
illustrates general composition with reference to weight %. 



TABLES 


CHEMICAL COMPOSITION 


WEIGHT % 


Polyamic acid 


15^5^20% 


Colorant 


25^^-30% 


Dispersant 


0.8%-1.0% 


Solvent 


50^?^55% 



50 

Referring to FIG. 2, a graph is depicted showing trans- 
mission spectra of the 1 /im film obtained in Example 1 
wherein the goal of high optical density is achieved, FIG. 3 
is a graph showing absorbance spectra of the 1 /im cm-ed fikn 

55 obtained in Example 1 (optical density=absorbance @ 540 
nm). FIG. 4 shows sets of lithography data using both 
convection oven and hot-plate p*bake processes. Lithogra- 
phy results show a wide processing latitude. Resolution 
down to 3 um at 1 um film thickness are achievable within 

60 a wide range of intermediate (P-bake) temperatures. FIG. 5 
is a schematic diagram illustrating photo of a resolution 
dagger. FIG. 6 demonstrates Scanning Electron Microscope 
(SEM) of the black matrix material after resist removal and 
final cure. Good sidewall definition is evident in the pixel 

65 patterns. 

FIG, 7 represents high thermal stability (at ^230'' C.) 
obtained in Example 1. Thermal stability: BM must exhibit 
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CHEMICALS 


CHROMAnC CHANGES 

afher dipping for 30 

MINUTES 


N-mcthyl-2 -pyrrolidone 


0.11 


Ethanol 


0.44 


Acetone 


0.50 


y-Butyrolactone 


0.45 


Isopropylaloohol 


0.81 


Cyclohcxanonc 


0.23 


Propylene glycol monometbyl 




ether acetate 


0.61 


5% Hydrochloric acid 


0.38 


5% Sodium carbonate 


0.85 


5% Tetramethyl ammonium faydroxide 


0.79 
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high heat resistance for display applications. FIG. 7 shows 
the spectral change of Example 1 at 1 urn film thickness 
before and after heating. The chromatic change (AE*^^) is 
less than 3(AE*^i,=2) after heating in convection oven at 
230** C, in air for 7 hours. Thus, the black matrix sho\\'S 
excellent thermal stability. 

The light-resistance of the pixels is critical because these 
pixels are illuminated from the back light of, for example, 
liquid crystal displays. The black matrix at Example 1 was 
exposed to a Mercury-Xenon lamp (200-1300 lux) with UV lO 
cut filter. FIG. 8 shows the spectral changes of the black 
matrix in Example 1 after 2.8 million lux hours of exposure. 
The chromatic changes (AE^^^) upon exposure are less than 
3 (A£*^el.9), demonstrating the superior light resistance of 
the black matrix. 15 

Since color filters are exposed to solvents, acids and bases 
during the liquid crystal display fabrication process, chemi- 
cal stability is, as earlier stated, an especially improved 
performance characteristic. Resistance to acids during etch- 
ing of indium tin oxide (ITO) electrodes to N-methyl-2- 20 
pyrrolidone (NMP) or y-butyrolactone commonly used as 
solvents for alignment layer materials and to alkalies, alco- 
hols or detergents during cleaning of the color fihers is 
critical. The chemical stability of black resist was evaluated 
by both pattern observation and chromatic changes. After 25 
dipping the pixels in the above mentioned chemical solu- 
tions for 30 minutes, patterns were found to be stable and 
neither swelling nor peeling was observed. (See Table 6.) 
The chromatic changes (AE*^^,) are less than 1, indicating 
very good chemical stability of the black matrix. 30 

TABLE 6 



(NMP) and rinse added to the mill. The grind speed is slowly 
increased to 3000 rpm. The mill is then run at 3000 rpm for 
90 minutes. Formulation is then filtered through 0.2 urn 
filters. The formulation is summarized in Table 7. 



TABLE 7 


CHEMICAL CONSmrUENT 


WEIGHT IN GRAMS 


N-methyl-pNTTolidonc 


81.92 g 


Cydohexaaonc 


102 g 


Disperbyk-164 


6 g (20% of the wei^t of pigment) 


DARC polymer 


26.08 g (22.9% in NMP only) 


Monarch 1000 


30g 


DARClOO 


60g 



Table 8 illustrates general composition with reference to 
weight %. 

TABLES 



CHEMICAL COMPOSmON 


WEIGHT % 


Polyamic acid 


10%-15% 


Colorant 


309r^35% 


Dispcreant 


0.8%-1.0% 


Solvent 


50%^S5% 



Example 2 shows very high optical density, 3.6 at 1 fim 
film thickness over the region 400-700 nm and reflectivity 
of 4.1%. 



35 



40 



45 



EXAMPLE 3 

In a plastic beaker equipped with mechanical stirrer is 
added 24.06 g of N-methyl-pyrroUdone (NMP), 105.84 g of 
cyclohexanone, 3.776 g of Disperbyk-164, 41.22 g of 
DARC polymer solution (22.9% solids in NMP only), 18.88 
g of Monarch 1000 pigment. The mixmre is stirred at 3000 
rpm for 15 minutes. This pigment slurry is then added to 
Eiger M-lOO mill at 1000 rpm over a period of 15 minutes. 
The beaker is then rinsed with 50 g of N-methyl-pyrrolidone 
and rinse added to the mill. The grind speed is slowly 
increased to 3000 rpm. The mill is then run at 3000 rpm for 
90 minutes. Formulation is then filtered through 0.2 /an 
filters. The formulation is summarized in Table 9. 

TABLE 9 

CHEMICAL CONSrrrUEhJT WEIGHT IN GRAMS 



Volume resistivity measurements in Example 1 for a 1 /«n 
film are on the order of lO'^Q-cm, reflectivity is 3.4%, the 
average optical density for the 1 jum fihn thickness over the 
region 400-700 nm is greater than 3.0, thus providing a good 
balance of very high optical density and electrical properties. 
The composition can be applied by spin coating, imaged and 
developed using the same process used for RGB pixels. The 
material has excellent shetf life (1 year in freezer; more than 55 weight % 
3 months at room temperattu-e). It has a low cost compared 
to chrome black matrix. 



N-inetbyl-p>TroIidonc: 


74.06 g 


Cyclohexanone: 


105.84 g 


Disperbyk-164: 


3.776 g (20% of the weight of pigment) 


DARC poJ>Tncr: 


41.22 g (22.9% in NMP only) 


Monarch 1000: 


18.88 g 



Table 10 illustrates general composition with reference to 



TABLE 10 



EXAMPLE 2 

In a plastic beaker equipped with mechanical stirrer is 
added 31.92 g of N-methyl-pyrrolidone (NMP), 102 g of 
cyclohexanone, 6 g of Dispeit)yk-164, 26.08 g of DARC 
polymer (22.9% in NMP only), 30 g of Monarch 1000 and 
60 g of DARC 100. The mixture is stirred at 3000 rpm for 
15 minutes. This pigment slurry is then added to Eiger 
Mini- 100 mill at 1000 rpm over a period of 15 minutes. The 
beaker is then rinsed with 50 g of N-methyl-pyrrolidone 



60 
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CHEMICAL COMPOSITION 


WEIGHT % 


Polyamic acid 


15^^20% 


Colorant 


15%-20% 


Dispersant 


0.89^-1.0% 


Solvent 


50%-55% 



Example 3 represents only pigmented foraiulation and 
does not use dye components. The dye component, particu- 
larly DARC 100, plays a particularly preferred role in 
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generating uoifonn coating (without particles or voids), 
creating stable dispersion and thereby increasing the shelf 
life of the formulation. The dyes, especially DARC 100, also 
serve to stabilize the polvimide coating containing such high 
levels of carbon black. Apparently, storage-stable polyimide 
coatings can not be produced when the selected dye stock is 
absent, at least not at the high carbon black levels required 
for obtaining an optical density ^3.0 per oiicron. 
Furthermore, by using a polyimide vehicle for the carbon 
black, high resolution patterning capability is obtained (via 
the familiar two-layer, wet etch method) without requiring 
the coaling to be photosensitive. 

EXAMPLE 4 



Kl, adhesion promoter firom Shipley is coated on substrate 
at 3000 rpm for 30 seconds, baked on hot plate at 175° C. 
for 30 seconds. Black matrix formulation is coated on 
APX-Kl coated substrate at 1000 rpm for 25 seconds, 
5 a-baked to evaporate solvent on hot plate at 100° C. for 60 
seconds. The coalings were then p-baked in conventional 
ovens at 120-180° C. for 30 minutes. The polyamic acids are 
30%-50% imidized in this process. Photoresist is coated at 
5000 rpm for 30 seconds, soft-baked on hot plate at 100° C. 
10 for 30 seconds, exposed at 400 mJ/cm^ and developed. 
Photoresist is stripped in safestrip. Black matrix is then final 
cured in oven bake at 250° C. for 1 hour which completes 
the imidization process. Other colors are applied and pro- 
cessed. 



Characteristic Properties 

At FIG. 1, there is a flow chart explaining the manufac- 
turing process of a black matrix according to the present 
invention. That is, the prime substrate is prepared at 1; the 



In a plastic beaker equipped with mechanical stirrer is 
added 24.06 g of N-meihyl-pyrrolidone (NMP), 105.84 g of 15 
cyclohexanone, 3.776 g of dispersing agent from Table 3 
(not including Disperbyk-164), 41.22 g of DARC polymer 
(22.9% in NMP only), 18.88 g of Monarch 1000 and 60 g of 
DARC 100. The mixture is stirred at 3000 rpm for 15 

minutes. This pigment slurry is then added to Eiger M-lOO 20 adhesion promoter is coated on the substrate at 2. The black 
mill at 1000 rpm over a period of 15 minutes. Hie beaker is matrix formulation is coated on the adhesion coated sub- 
then rinsed with 50 g of N-methyl-pyrrolidone and rinse strate at 3, and a-baked at 4. The coalings are then p-baked 
added to the mill. The grind speed is slowly increased to at 5. The photoresist is coated at 6, exposed at 7, and 
3000 rpm. The mill is then run at 3000 rpm for 90 minutes. developed at 8. Photoresist is stripped at 9. The black matrix 
Formulation is then filtered through 0.2 fmi fillers. The 25 is then final cured in an oven bake at 10, thus completing the 



formulation is summarized in Table 11. 



TABLE 11 



CHEMICAL coNsnruEhrr weight in grams 



N- mclh y l-pjTTolidonc 


74.06 g 


Cyclohexanone 


105.S4 g 


Dispersant 


3.776 g (20% of the weight of pigment) 


(all from Table 3 




except Dispeibyk-164) 




DARC polymer 


41.22 g (22.9% in NMP only) 


Monarch 1000 


18.88 g 


DARC 100 


60 g 



Table 12 illustrates general composition with reference to 
weight %, 



TABLE 12 



CHEMICAL COMPOSITION 


WEIGHT % 


Polyamic acid 


15%-20% 


Colorant 




Dispersant 


0.8%-1.0% 


Solvent 


. 50^^55% 



30 



35 



40 



45 



50 



55 



Example 4 represents pigment:dye systems containing a 
wide variety of attempted dispersing agents (includes all 
from Table 2 except Disperbyk-164). Dispersants used are 
cationic, anionic and nonionic which generate either poor or 
fair dispersions with turbid or nonhomogeneous formulation 
indicating incompatibility or poor compatibility with 
polymer, solvent or pigments. The formulation of Example 
4 does not generate uniform coating (with particles or 
voids), and has lower shelf life due to the presence of a 
non-compatible dispersing agent. Disperbyk-164 (BYK- 

Chemie, USA), a cationic dispersant composed of solution ^0 weight ratio of 1:3 to 1:5 
with high molecular weight blocked copolymers with groups ' 
having strong affinity to pigments, gives best results as 
reported in Example 1. 

Method of Use 
Photolithography process is applied to get fine resolution 
and wide p-bake window. Prime substrate is cleaned. APX- 



imidization process. The last step is to apply and process 
other colors at U. 

Industrial Applicability 

The superior black matrix material of the present inven- 
tion is generated having excellent heat, light and chemical 
resistance. The main goal of the invention is to produce a 
new black matrix composition having very high optical 
density and imaged by photolithography. This unique pat- 
tern forming material has a greatly increased processing 
window over conventional polyimide materials. This novel 
material has good durability, processability and low cost. 
The present invention is best suited for various display 
applications. 

What is claimed: 

1. A photolithography imageable black matrbc coating 
material having optical density ^3.0 when coated at thick- 
nesses of 1 micron or less and having a shelf life of 90 days 
or more at room temperature and 365 days or more in the 
freezer, consisting essentially of 

a. a polyimide precursor vehicle and a solvent system 
therefore; 

b. a soluble light-absorbing dye or dye mixmre, said dye 
or dye mixture being substantially completely soluble 
in the vehicle and solvent system, and being effective 
to absorb substantially all light across a broad spectrum 
of from ultra violet to infrared; and 

c. a high performance, high color, surface treated carbon 
blade pigment, and a suitable dispersant therefore in 
Newtonian dispersion. 

2. The black matrix coating material of claim 1, wherein 
the polyimide vehicle solvent system is an effective mixture 
of N-methyl-2-pyrrolidone and cyclohexanone, the dye mix- 
ture is solvent brown 44 and solvent blue 67 at weight/ 
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3. The coating material of claim 1 wherein the pigment is 
Pigment Black 7 having a Color Index number 77266. 

4. The coating material of claim 1 wherein the dispersant 
is a cationic dispersant composed of solution of high 
molecular weight blocked copolymers with groups having 
strong affinity to the pigment having Color Index number 
77266 and containing no aromatics. 
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5. The coating material of claim 2 wherein the polyimide 
vehicle is selected from the group of reaction products of 

a. ox>'dianiline and pyromellitic dianbydride, and 

b. oxydianiline and benzophenooe tetracarboxylic dian- 
bydride. 

6. The black matrix coating material of claim 1 compris- 
ing by weight 15% to 20% polyamic acid, 50% to 55% 
solvent, 25% to 30% pigment and dye combined, and 0.8% 
to 1.0% dispersant. 

7. The black matrix coating material of claim 2 having a 
weight percent composition of 10% to 15% polyamic acid, 
50% to 55% solvent, 30% to 35% pigment and dye, and 
0.8% to 1.0% dispersant. 

8. The coaling material of claim 1 wherein the pigment 
dispersion comprises pigment particles having a particle size 
of 0.01 to 0.2 microns. 

9. The black matrix of claim 1 wherein the polyimide 
vehicle solvent system is an effective mixture of N-methyl- 
2-pyrrolidone and cyclohexanone, the dye mixture is solvent 
brown 44 and solvent blue 67 at weight: weight ratio of 1:3 
to 5:1, the pigment has Color Index number 77266 and the 
dispersant is a cationic dispersant composed of solution of 
high molecular weight blocked copolymers with groups 
having strong affinity to the pigment having Color index 
number 77266 and containing no aromatics. 



!,090 

14 

10. A method for making an organic black matrix coating 
material for thin film transistor, twisted nematic, super 
twisted nematic, electroluminescence or plasma 

applications, said method comprising admixing 

a. a polyimide precursor vehicle and an effective solvent, 
and 

b. a Newtonian dispersion of a carbon black pigment 
having a Color Index number of 77266 and a particle 
size of 0.01 to 0.2 microns, and a light-absorbent 

^ organic broad spectrum light-absorbing dye or dye 
mixmre capable of forming a black coating with an 
effective dispersant, in the said effective solvent, 
whereby the coating material's optical density is ^3.0 at 
1 micron or less coating thicknesses. 

* 11. Tht method of claim 10 wherein the polyimide vehicle 
solvent system is an effective mixture of N-methyl-2- 
pyrrolidone and cyclohexanone, the dye mixture is solvent 
brown 44 and solvent blue 67 at weigiil: weight ratio of 1:3 
to 5:1, the pigment has Color Index number 77266 and the 

* dispersant is a cationic dispersant composed of high molecu- 
lar weight blocked copolymers with groups having strong 
affinity to the pigment having Color index number 77266 
and containing no aromatics. 
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A liquid crystal display (LCD) whose red, green and blue 
filters are formed on different substrates is disclosed The 
LCD thus controls the width of the black matrix, enlarges the 
width of the filters and easily forms a color filter, having 
lower colorimetric purity and transmissivity than the other 
color filters. In an embodiment, both the blue filter and the 
black matrix are formed on the top glass substrate, while the 
red and green filters are formed on the bottom glass substrate 
opposite from die top substrate such that the red and green 
filters of the bottom substrate are aligned with the blue filter 
of the top substrate. 



2 Claims, 4 Drawing Sheets 
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THREE COLOR LCD WITH A BLACK 
MATRIX AND RED AND/OR BLUE FILTERS 
ON ONE SUBSTRATE AND WITH GREEN 
FILTERS AND RED AND/OR BLUE FILTERS 

ON THE OPPOSITE SUBSTRATE 5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates in general to liquid crystal 
displays and, more particularly, to a structural improvement 
in such liquid crystal displays (LCD) for easily controlling 
both the width of a black matrix and the size of R (red), G 
(green) and B (blue) filters by forming the black matrix and 
the R,G and B filters on different substrates. Farming of the ^ 
R, G and B filters and the black matrix on different substrates 
also allows a color filter, having relatively lower coloiimet- 
ric purity and transmissivity, to be formed separately from 
the other color filters thereby improving the displaying 
efficiency of the LCD. 20 

2. Description of the Prior Art 

FIG. 1 shows a typical liquid crystal display. As shown in 
the drawing, the typical liquid crystal display (LCD) 
includes a top glass substrate la. Ibree color filters, that is, 2s 
R (red), G (green) and B (blue) filters 3R, 3G and 3B, are 
formed on the bottom stnface of the top substrate la. 
Formed between the color filters on the top substrate la is 
a black matrix 2. The above LCD also includes a bottom 
glass substrate lb opposite from the top substrate la A 3q 
plurality of ITO (indium tin oxide) drive electrodes 4 are 
formed on the top surface of the bottom substrate lb. The 
above ITO electrodes 4 are aligned with the R, G and B 
filters of the top substrate la, respectively. After preparing 
the above top and bottom substrates la and lb, liquid crystal 35 
is injected between the two substrates la and lb prior to 
enveloping the two substtates la and lb. When the ITO 
electrodes 4 of die above LCD are applied with a voltage, the 
LCD displays a color picture in accordance with intrinsic 
characteristics of the liquid crystal interposed between the 40 
two substrates la and lb, 

FIGS. 2A to 2F show a process for producing the above 
LCD. As shown in FIG. 2A, a light intercepting chrome 
layer is deposited on the top glass substrate la through either 
an electron beam deposition or a vacuum deposition. An 45 
example of vacuum deposition for forming the chrome layer 
is sputtering. Deposition of the light intercepting chrome 
layer is followed by forming of the black matrix 2, The 
above matrix 2 is formed through application of a photore- 
sist, exposure with a mask, developing, wet etching, etc. 50 
Thereafter, a green filter patterning photoresist resin 3 is 
applied on the black matrix 2 prior to exposing with a mask. 
Ilie top substrate la in tum is dyed with a dye having a 
given spectrum characteristic thereby forming the green 
filter 3G as shown in HG. 2B. Thereafter, a red filter 55 
patterning photoresist resin 3 is applied on the resulting 
substrate la of FIG. 2B as shown in HG. 2C. The substtate 
la in tum is exposed with a mask and dyed with a dye 
having a given spectrum characteristic thereby forming the 
red filter 3R as shown in HG. 2D. A blue filter patterning 60 
photoresist resin 3 is applied on the resulting substrate la of 
HG. 2D as shown in HG. 2E. The substrate la in Uim is 
exposed with a mask and dyed with a dye having a given 
spectrum characteristic thereby forming the blue filter 3B as 
showninHG. 2F. That is, the R,G and B filters are formed 65 
on the top substrate la in order of the G filter 3G, R filter 3R 
and B filter 3B. 
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In the above process for forming the R, G and B filters on 
the substrate la, the green filter 3G has less bonding force 
for being bonded to the other colors in conQ>arison with the 
other filters. Thereftne, the green filter has to be primarily 
formed on the substrate la by exposing the substrate la with 
a mask after flying the green filter patterning photoresist 
resin on the substrate la. Thereafter, the red and blue filters 
are formed on the green filter in the same manner as 
described for the green filter. In the above process, it is 
required to carefully check both the exposing light intensity 
and the development due to a narrow developing margm. 

However, as both the R, G and B filters and the black 
matrix are formed on the same plane, it is very difficult to 
technically reduce the area of the black matrix on a screen 
in view of aperture efficiency. Additionally, the G filter has 
an inferior bonding force for being bonded to the glass 
substrate because the G filter intrinsically has lower colori- 
metric purity and transmissivity than the other filters. In this 
regard, the G filter has to be formed on the glass subsurate 
while either changing the step for forming the G filter with 
the other steps for forming the other filters or using a 
specified method. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a liquid crystal display in which the above problems 
can be overcome and which forms the R, G and B filters on 
different substrates thereby controlling the width of the 
black matrix, enlarging the width of each ffiter and easily 
forming a filter intrinsically having lower colorimctric purity 
and transmissivity than the other filters. 

In order to accompUsh the above object, the present 
invention provides a liquid crystal display comprising a 
black matrix and a plurality of color (reid, green and blue) 
filters formed on a pair of opposite glass substrates, wherein 
one or two color filters, except for the green filter, are formed 
on one glass substrate with the black matrix, while one or 
two color filters, including the green filta, are formed on the 
other glass substrate such that the color filter of the one glass 
substrate is aligned with the color filter of the other glass 
substrate. 

BRIEF DESCRIPnON OF THE DRAWINGS 

The above and other objects, features and other advan- 
tages of the present invention will be more clearly under- 
stood firom the following detailed description taken in con- 
junction with the accompanying drawmgs, in which: 

HG 1 is a sectional view showing the construction of a 
liquid crystal display (LCD); 

HGS. 2A to 2F are views showing a process for produc- 
ing the LCD of HG. 1; 

HG. 3 is a sectional view showing the construction of an 
LCD in accordance with a preferred embodiment of this 
invention; 

HG. 4 is a graph showing transmissivity as a function of 
color filter's thickness of this LCD; 

HG. 5 is a graph showing colorimetric purity as a 
function of color filter's thickness of this LCD; and 

HG. 6 is a graph showing brightness as aftmction of color 
filter's thickness of this LCD. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

HG. 3 is a sectional view showing the construction of an 
LCD in accordance with a preferred embodiment of this 
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invention. As shown in this drawing, the LCD of this 
invention includes a black matiix 2 which is fonned on the 
bottom surface of a top glass substrate la One or two color 
filters (led and bhie filters 3R and 3B), except for a green 
filter 3G, arc formed on the bottom surface of the top 5 
substrate la. One or two color filters, including the green 
filter 3G, are fonned on the lop surface of a bottom glass 
substrate 1^ opposite from the top substrate la In this case, 
the filter, including the G filter, fonned on the bottom 
substrate lb is aligned with the filter fonned on the top 10 
substrate la In the preferred embodiment of FIG, 3, the B 
(blue) filter 3B, for example, is fonned between the black 
matrix 2 of the top substrate la. while the R (red) and G 
(green) filters 3R and 3G are formed on the bottom substrate 
lb, 15 

FIG. 4 is a graph showing the characteristic curves of 
transmissivity spectrums of beams passing through the R, G 
and B filters of the above LCD, the transmissivity spectrums 
varying in accordance with color filter's thickness (thickness 
a>thickness b>thickness c). In the back light, blue light of 20 
4(X)-500 nm wavelength (X). green light of 520-560 nm and 
red light of not less than 600 nm wavelength arc the light 
components which are practically required to produce the 
color image of this LCD. As shown in the curves 4Ba 4Bb 
and 4Bc of the graph, the blue filter 3B more reliably filters 25 
off light having a wavelength other than the range of 
400-500 nm when the thickness of the filter 3B is increased. 
As shown in the curves 4Ga 4G2^ and 4Gc of the graph, the 
green filter 3G more reliably filters off light having a 
wavelength other than the range of 500-560 nm when the ^ 
thickness of the filter 30 is increased The blue filter 3B 
more reliably filters off light having a wavelength of less 
than 600 nm when the thickness of the filter 3R is increased 
as shown in the curves 4Ra, iRb and 4Rr of the graph. 

FIG. 5 is a graph showing colorimetric purity as a 
function of color filter's thickness (a>b>c) of this LCD. In 
the CIE chromaticity diagram of HG. 5, the chromaticity 
points SRo, 5Rb and 5Rc are the chromaticity coordinates of 
light passing through the red filter (a>b>c). The chromaticity 
points SGfl, 5G^ and SGc are the chromaticity coordinates 
of light passing through the green filter (a>b>c). The chro- 
matidty points 5Ra, 5Rb and 5Rc are the chromaticity 
coordinates of light passing through the red filter (a>b>c). 
As shown in the graph of FIG. 5, the chromaticity coordi- 
nates of the light passing through the color filters 3R, 3G and 
3B approximate to those of the CIE chromaticity diagram in 
proportion to the thickness of the color filters 3R, 30 and 
3B. Therefore, the chromaticity purity of the LCD is 
improved in proportion to the color filter's thickness. 

FIG. 6 is a graph showing brighmess as a function of color 
filter's thickness (a>b>c) of the above LCD. As shown in 
this graph, the brighmess (Y) is reduced in inverse propor- 
tion to the color filter's thickness. 

The operational effect of the above LCD wiU be described 55 
herein, below. 

In the above LCD, one or two color filters, except for the 
green filter 3G, are fonned on the lop substrate la with the 
black matrix 2, while one or two color filters, including the 
G filter 30, are formed on the bottom glass substrate 1^. In 60 
this case, at least one filter, including the G filter, formed on 
the bottom substrate lb is aligned with at least one filter 
formed on the top substrate la That is, the green filter 3B 
and the black matrix 2 are formed on different substrates. In 
addition, the color filters 3R, 30 and 3B are formed on 65 
different substrates. It is thus possible to control the width of 
the black matrix 2. The R, O and B filters are less limited by 
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area when formmg the filters on the substrate thereby 
increasing the area ratio of the color filters in the LCD. 
Additionally, a gap is formed between the R, 0 and B filters 
3R, 30 and 3B and the black matiix 2 since there is a ceU 
of 6-7^ between the top and bottom glass substrates la 
and lb. Therefore, the above LCD not only improves the 
qjerture efficiency, but also enlarges the visible angle in 
accordance with di&action of li^ The green filter 30 
having a lower bonding force than the other color filters 3R 
and 3B is formed on one glass substrate, while at least one 
of the other color filters is formed on the other glass 
substrate. That is, the green filter 30 and the other filters 3R 
and 3B are formed on different substrates. The color filters 
3R, 30 and 3B of this LCD can be thus fonned on the 
substrates in disregard of the conventional processing order 
of the green filter, red filter and blue filter. 

In the LCD of this invention, the transmissivity of the 
LCD is improved in inverse proportion to the color filter's 
thickness (a>b>c) as shown in the graph of FIG. 4. The 
chromaticity purity of the LCD is improved in proportion to 
the color filten^s thickness as shown in the graph of FIG. 5. 
Tht brightness of the LCD is improved in inverse proportion 
to the color filter's thickness as shown in FIO. 6. Therefore, 
the transmissivity, chiomatidty purity and brighmess of the 
green filter 30, which are intrinsically lower than those of 
the other filters 3R and 3B, can be easily controlled by 
changing the thickness of the green filter 30 relative to the 
other filters 3R and 3B. 

As described above, the present invention provides an 
improved LCD. In the above LCD, one or two color filters, 
except for the green filter, are formed on one glass substrate 
with the black matrix, while one or two color filters, includ- 
ing the green filter, are formed on another glass substrate. It 
is thus possible to control both the width of the black matrix 
and the size of the color filters. One color filter, intrinsically 
having lower chromaticity puri^ and transmissivity than the 
other color filters, is fonned separately from the other color 
filters. The above LCD thus easily compensates for the 
characteristics of the one color filter having the lower 
chromaticity purity and transmissivity. As the one color filter 
is formed separately from the other color filters, the color 
filters of this LCD can be thus formed on the glass substrates 
in disregard of the conventional processing order of the 
green filter, red filter and blue filter, thereby easily producing 
the LCD. 

Although the preferred embodiments of the present inven- 
tion have been disclosed for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 

What is claimed is: 

1. A liquid crystal display comprising a black matrix and 
a plurality of color (red, green and blue) filters formed on a 
pair of opposite glass substrates, wherein filters of one or 
two colors other than green, are formed on one glass 
substrate with said black matrix, while filters of two or one 
color, respectively, including said green filter, are formed on 
the other glass substrate such that the edge of the color filters 
of the one glass substrate are aligned with the edge of the 
color filters of the other glass substrate. 

2. The liquid crystal display according to claim 1, wherein 
said red and blue filters are fonned on the one glass substrate 
with said black matrix, while said green filters are formed on 
the other glass substrate. 
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[57] ABSTRACT 

An organic black matrix having high resistivity {^10^' 
ohjn/squarc). high optical density (^2.0) at ultra thin fUm 
thicknesses (^1.0 microns) for improved STN and TFT 
pixel display applications is made possible by combining 
polyimidc/dye solutions and mixed metal oxide pigment 
dispersions at a weight/weight ratio of dye to pigment of 
1:15 to 3:15. The need for low resistivity carbon black, as a 
replacement for sputtered chrome, is negated. 

10 Claims, 6 Drawing Sheets 
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FIG. 7 THE SELF- ALIGNMENT PROCESS 
USED TO FORM THE BLACK MATRIX 
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ULTRA THIN PHOTOLITHOGRAPHICALLY 
IMAGEABLE ORGANIC BLACK MATRIX 
COATING NfATERIAL 

BACKGROUND OF INVENTION 

1. Field of iDventioD 

The present invcmion relates to organic Wack matrices for 
color filter plate manufacture and to methods for making the 
same. It particularly relates to nooconducttve black matrices, 
having very high resistivity, and having high optical density 
at ultra thin iilm chicJmesses. 

2. Background of the Prior Art 

Multicolor liquid crystal displays (LCDs) are routinely 
produced having a thin, light* absorbent film, called a black 
matrix, applied to an array of color pixels which together 
form a color filter plate. The processing of such color filter 
plates remains one of the most troublesome steps during 
mass production of the LCDs because they use sputtered 
dirome black matrices. 

A spincoatable. organic polymer based black matrix 
would tend to be more cDvironmentally friendly than 
chrome, easier to rqproduce. and ofifcx lithographic process- 
ing advantages. However, there are at least two types of 
color filter plates for LCDs where organic polymer black 
matrices are woefuUy expensive and/or lack the desired 
performance. That is. the unavailability of an organic black 
matrix photcH^esist having sufficiently high resistivity and 
sufficiently high optical density at ultra thin film thickness, 
has hampered the advancement of 1) thin film transistor 
(TFr>-anays for TFT-LCDs and 2) super twisted nematic 
(STN) LCDs. 

For puiposes of illustration. FIGS. 7. 7(a). 7(fc). and 7(c) 
show a somewhat oversin^llfied stepwise illustration of the 
coating and imaging of organic black matrix photoresists 
onto either TFT or STN color pixels for large area LCDs. 
The RGB (red. green, blue) color pixels 1 could be eittier 
TFTs or STNs. Such color filter plates have an Indium-tin- 
oxide (TTO) electrode layer or layers 2 and signal lines 3. All 
are ncraially applied to a glass substrate 4. The illustration 
shows the exposure of UV light through the glass substrate 
for puiposes of lithographically imaging the organic black 
matrix 5. 

In these TFT and applications, hi^ resistivity (so as 
to be nonconductive) is mandatory in order to avoid elec- 
trical coupling between the ITO electrode layer and the 
signal lines. Otherwise, coupling with the signal lines 
(sometimes referred to as data lines) causes vertical 
crosstalk. 

The optical density (O.D.) of the black matrix must be 
greater than 2.0 in order to block the transmission of light to 
the TFT or STN displays. Otherwise, photo leaks from 
Don-display areas will reduce the contrast ratio and create 
adverse photo leakage current In other words, one can 
enhance the contrast of the LCD by eliminating the light 
leakage which would otherwise occur through spaces pat- 
terned between the red. green, and blue (RGB) pixels on the 
color filter plate. The tedmical goal is to keep the light 
transmission at or below 1%. across the entire spectrum of 
from ultraviolet to infrared, at ultra thin black matrix film 
thicknesses. 

It has proven extremely difficult, if not impossible, to 
manufacture a nonconductive organic black matrix having 
an O.D. greater than 2.0 at ultra thin black matrix film 
thicknesses. Althou^ O.D. greater than, or equal to. 2.0 
have been achieved for organic black matrices at a 2 micron 
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polymer thickness, such layer thicknesses arc at the thresh- 
old for a number of defects. For example, the so-called 
reverse tilt inside each pixel display area occurs at 2 
microns. Reverse till causes after-image and contrast dete- 

5 rioration. Overcoming that drawback, inter alia, requires a 
nonconductive. organic black matrix film having O.D. 
greater than 2.0 at a thickness of 1.0 micron or less. 

Despite the high cost-of-owncrship. a complex manufac- 
turing process (sputtering), and potential environmental 

10 problems, and despite a hi^er reflectance than desired, the 
most cofiunon black matrix material has continued to be 
sputtered chrome, rather than spin -coated organic polymers. 
Although vacuum evaporation and other coating techniques 
for metals such as nickel and aluminum and even chromium 

15 have been devised, sputtered chrome remains the most 
common technique and material because other techniques 
and other materials lack sufficiently high O.D. (>2.0) to 
provide enhanced contrast and high resolution, at suffi- 
ciently ultra thin thicknesses (1 micron or less) and at 

20 sufficiently high resistivity (at least 10' ohm/square) to be 
commercially effective for STN and TFT application. 

For example. Latham's U.S. Pat. No. 4.822.718 disclosed 
in 1989 potential black niatrices of the organic type made 
from polyamic add/dye combinations (as distinguished 

^ from pigment-dispersions). The resistivity of tiicsc light- 
absorbing layers was found to be as high as 3.0x10^' 
ohm/square. 

It has been disclosed by Hessler. et al.. in the article 
^ "Pigment-Dispersed Organic Black-Matrix". SID Digest, 
26:446. (1995). however, that Latham's mixtures of the red 
and blue dyes bound in polyimide composition as well as 
mixtures of red and blue pigments in pigment-dispersed 
organic black matrices disclosed by others did not come 
j5 close to die desfred O.D. (greater than 2,0). even when 
coated at film thicknesses greater than 3 microns. Changing 
the ratios of red to blue pigments, or adding low levels of 
violet, yellow (x green pigments to the red and blue pigment 
mixtures did not improve overall O.D. performance the 
^ formulations. Carbon black pigment, dispersed In acrylic 
polymer, did. however, adueve 0.01% light transmission for 
some samples. An average O.D. of 2.8 for a L5 micron, 
spin-coated film, over the whole spectrum of 400-700 mn. 
was made possible by a critical selection of dispersants. 
However, the resistivity was a dis^>pointittg 90K dim/ 
square. 

As disclosed by Yamanaka in his article. "Integrated 
Black Matrix on TFT Arrays'*. SID Digest, 23:789 (1992). 
carbon black, even with an advanced acrylic jAoto polymer, 
50 does not achieve O.D. greater dian 2.0. at thicknesses less 
than 2 microns without sacrificing resistivity and creating 
crosstalk. Yamanaka also describes the disadvantage <^ a 2 
micron "step size" (or thickness). It Is so large that it results 
in reverse tUL 

55 U.S. Pat. No. 5368.976. by Tajima. et aL. discloses 
another example of pigment-dispersed color filter composi- 
tions. An alkali-soluble block copolymer is eiti{^oyed as a 
binder for a radiation-sensitive compound and pigments 
such as pigment Black 1 and pigment Black 7 but with 

60 unsuitably large particle sizes (filtered at 10 microns). 
Although it is well known that pigment Black 1 does not 
provide the requisite O.D. greater than 2.0 at practical 
thicknesses, pigment Black 7 (better known as singly "Car- 
bon Black") does provide O.D, greater than 2.0 as shown by 

65 Hessler. et al. Yet. as Yamanaka explains, even at thicknesses 
less than 2.0 microns, the threat of crosstalk exists when the 
black matrix is too conductive for efifective STN or TFT 
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appb'catioos. and paitidc sizes of 10 micFOQ diameter would FIG. 2 is a graph showing transmission spectra of 1 |im 

lead 10 films having reverse till. cured film obtained in Example 1. 

Suginoya. et ai.. in their article "Sdf-Alignment Fabrica- FIG. 3 shows sets of lithography data using both convec- 
tion of the ITO Electrode Pattern on aa Electrodeposited tion oven and hot plate beta-bake processes. 
Tricolor FUter in a Black Matrix: An Application to STN- 5 4 Ij g schematic diagram iUustraUng photo of a 
LCDs". Proc, of SID, 32:201. (1991). identify another resolution dagger 

shortcoming of STN-LCDs having organic black matrices piG. 5 demonstrates Scanning Bectron Microscope 

made from caiton black. That .s. although the green filter of ^ SEM) of the black matrix material after resist removal and 

the display provides a good shutter which transmits less than ^ure 

1% <^ incident light at 365. 405 and 43S nm. the red filter »o ct#- i: - u »- a- u 

doesBoi. Iihas ttTsnuttance of 4% at 365 nm and 6% at 405 "Lt . tf^ aT'^ '^'^ 

nm. Also, the blue filter is even woise. having transmiitaoce '^i^"*" measuremeDl of the cired film. 

<rf .^5*!. at 405 nm and of 55% at 4.rs nm. A sqjarate . ^: ^^"^r illustrate coating and imag- 

approach was therefore necessary for light above 400 nm '°8«If°'f photoresist onto generaUy STN 

than for light below 400 nm. The black matrix average u « "''"^ ^ LCD*- 

nansfflittance was substantially greater than 1.0% through- DETAILED DESCRIPTION OF THE 

out the spectnira. when using this complicated approach PREFERRED EMBODIMENTS 

(no. 13 of the reference). It was closer to 10%. 

Accordingly, neither the past dye-hased nor the past invention fulfills the above-suted objective 

pigment-based organic buck mtric« could effectively Jro ^ "ndothen by a synergisUc com^siuon of polymude-dye- 

vide O.D. greater diao 2.0. at thicknesses less than 1 iniaon P'?^"' ""^''^f^ ™««^«- S^-ch black raatnx compo- 

without disaffecting STN and TFT performance. '^T^T\^<^'?'''^:}'r^\^^^'\^^^l"^t 

Furthermore, although the dye-hased Mack matrices have ^"f^'^^TRl T T^^ ^-lY" 

the requisite xesistiWty to provide improved avoidance of .^.^f"' ^^'^ 0 "^'P*"*"'- ^ff y'*"/^" 

aosstilk from eiectri^l c^pling between ITO elednxks « "^^ ^1^^ ^"".6* f''^' '"^"VVl^ 'J°<^1 

and signal lines, the substitution of sufficient dye mixtures .Pf ^ 2:15- S«ijpns.ngly. the combmed O.D of 

for a ^ition of die pigment-dispexsed maieiJi needed to ^^^amc dyes plus non-carbon Wackp.gmcnts is gjreater ttan 

laise its resistivity beyond lO^ohm/squarc would be P^* "Vf " ^ ^ 

expected to weaken the CD. to below lo unless a film "'^'"'^ '•^> ^ 

thickness greater than 2.0 microns was applied to the pixels POLYIMIDE/DYE 

and substrate. Only Cartxjn Black (Pigment Black 7) with its ^ , ... t ^ ... . 

low resistivity of 90x10^ ohm/square comes close to O.D. polymer vehicles, for the black matrix compositions 

2.0 at 1.5 micron thickness. P'*^"^ invenuon, wiU typically mclude polyimidc 

T* ij -X w .. -LI ^ ^ ^. precursors which react in situ to form polyimidc resins. 

It would ther^ore be highly unexpcrted that any combi- 3^ ftefcrably. the precursors will consist of a polyamic add 

nation of dye-based and pigment-based orgamc black ^ oxydianiline (ODA) with pyromeUitic 

mamces. other dian C^bon Black, would provide improved dianhydridc (PMDA) or by reacting ODA with PMDA 

CD. of ov« 2.0^ithout requimg a film thicker t^ 2.0 and/or benzophenone tetracarboxyiic dianhydride (BTDA). 

miCTODs and Carbon Black is too coi^ucUve for effecUve iT^ese components are typicaUy employed in approximate 

]JT appUcaUoo. The vast difference in resistovity ^ stoichiometric amounts. Other suitable polyamic acids and 

of carbon blade pigment versus vanous orgamc dyes would precursors typicaUy employed for the polyimidc 

lead one to believe tha^ any appreciable aniount of such vehicles of this invenUon are conventional comp^ents as, 

S^^**^ n "? H T'^r Table 1 below. Note that it is 

O.p^bq«>iid2.0 wou dbesigiu^^ Possible to include water soluble polymers such as 

rcsisuvily per "nj volume of the final materud. Yet ofter polyvinyl^yiroUdone and other conventional resins such as 

p.pnentshavehadtoolowanO.D.tocvenbeconsideredfor ^^^^,3^ m admixmre with these precursor components 

Ultra thm black matrices. ^1^^^ departing from the AppUcants' definition of poly- 

II is an object of tfie present invention to provide a stable imide precursors, 
organic black matrix having O.D. greater than 2.0* at thick- 
nesses less than 1 miaon but surface resistivity greater than 50 TABLE 1 
10^ ohm/square. 
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SUMMARY OF THE INVENTION , ^ . u 

The present invention fulfills the above-stated objective ». , ^ tetracartxayljc dianhydride 

and others by a synergistic composiUon of polyimidc-dye- 33.^toy^,4'^iiaima>b^heiiyi Pyicmcllitic dianhydride 

pigment. The black matrix of this invention has high resis- i,4-bis(4«iuDoplKiKixy)beiizeiie 33'4.4'.Bipbeayl tenacaibozylic 

tivity and an O.D. greater than 2.0 at a film thickness of 1 (^anhydride 

micron or less. 4,4VBi»(4.«iniiiopbeoo3ty)-bi0ienyl 4,4*.Oxydipbdulic anhydride 

* Bi»^-(4-aaiiaopheoDiy|pheny])ether 33',4,4'-Dihei»ylsuifone 

The material patterns on vanous display a{^lications have letracarbazylicdiaDhydride 

excellent evenness, high strength, superior environmental ^ 4,4'.Oxydianiline i,2,3,4s:yclobutanc 

safety, high stability, good shelf-life and a low cost of ^ , ,^ tctmcaAaxyiic^Jianhydridc 

j\^.^r 4.4'.DiaininodiphBnyl sulftae 

producUon. 2.2-Birf4-l4.>iDiKfflhci»«vlol 



BRIEF DESCRimON OF THE DRAWINGS 



2.2-Bis(4-|4-aiDinopbenoxy|pbeiqr]) 4.4'-(hexafluafoisopro|>ylidene) 
sulfone diphthalic aobydride 
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FIG. 1 is a flow chart explaining the manufacturing The dye components of the present invention are soluble 
process of a black matrix according to die present invention. organic dye combinations which can effectively absorb light 
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over the broad spectrum of infrared to ultraviolet It is 
critical that the dyes be soluble in solvents which dissolve 
the polyimide vdiicle (which solvents will be discussed 
Later). Id a particularly preferred embodiment of the present 
invention, a weighi/weighi ratio of from about i'3 to 1:5 of 5 
Orasol brown 6RL (Solvent brown 44j to Orasol blue GN 
(Solvent blue 67) provides a surprisingly effective compo- 
nent for this invention. Such a mixture is commercially 
available under the trade name DARC-lOO sold by Brewer 
Science. Inc. lo 

Other combinations of Blue. Red. Orange, etc.. dyes 
capable of producing high resistivity black coatings in U.S. 
Pat. No. 4,822.718 may be employed. 

In a preferred embodiment of the present invention, all of 
the dye con^wnent together with a substantial amount of the 
polyimide component (at least 50%) may be provided in 
accordance with the black coating compositions disclosed In 
U.S. Pat. No. 4.822.718. which patent is herein 
incoxporated-by-refcrcnce to this disclosure. 

Highly preferable dyes for the i^esent invention may also 
include dyes ^cified from the color index of Solvent Black 
3 to Solvent Black 47. more paiticularly Solvent Black 35 
(Zapon Black X50. BASF). Solvent Black 27 (Za^n Black 
X51. BASF). Solvent Black 3 (Neptun Black X60. BASF), 
Solvent Black 5 (Flexo Black X12. BASF). Solvent Black 7 
(Neptun Black NB X14. BASF). Solvent Black 46 (Neptun 
A Black X17. BASF). Solvent Black 47 (Neopin Black X58. 
BASF), Solvent Black 28 (Orasol Black CN, aba-(}eigy). 
Solvent Black 29 (Orasol Black RL, Ciba-Geigy), and 
Solvent Black 45 (Savinyl Black RLS. Sandoz Coip). 

PIGMENT-DISPERSIONS 

One surprising aspect of the present invention is the 
ability to obtain optical density>2.0 at ultra thin film thick- 
nesses without having to resort to the use of Caibon Black. 

Although the pigments en^loyed in this invention are 
indeed macroscopic particles having high surface area and a 
strong tendency to flocculate which can create haze and light 
scattering aggregates or variations in rheology, when the 4q 
pigments of this invention are suitably dispersed and 
admixed with the polyimide/dye solutions, excellent even- 
ness is achieved. 

The pigments of this Invention are mixtures of inorganic 
metal oxides or mixtures of multiple metal oxides selected 45 
from metal oxides of co{^>er. manganese. chromiuntL iron, 
magnesium, aluminum, tin. zinc, titanium, nickel, cobalt and 
mixtures thereof. These metal oxides are i^efeired for 
puposes of forming the so-called spinel structure. They 
unexpectedly provide a synergy that together with dyes of so 
this invention will achieve O.D. >2.0 at ultra thin film 
thicknesses, their combined surface resistivity is mag- 
nitudes above the 10^ ohm/square threshold required for 
effective STN and TFT q>plication. 

Suitable pigments may include pigments specified from 55 
color index 77248 to 77494. including pigment Black 22 
(colOT index (C.L) 77429). such as Fast Black 100 sold by 
Bayer Cc3ffp.; Pigment Black 26 (C.L 77494) sudi as Daipy- 
roxide TM Black 3550 and 3551 sold by Dainichiscika 
Col<H- & Chemical Manufacturing Co.. Ltd. of Japan: Pig- 60 
raent Black 27 (C.L 77502); Pigment Black 28 (C.L 77428) 
sold as Harshaw 9875 M Plus by Engelhard Corporation; 
and also mixtures of Pigment Green 50 (C.L 77377) with 
Pigment Blue (C.L 77346). and Pigment Red (C.L 77491). 
It is particularly preferred to use Pigment Black 26 (C.L 65 
77494) composed of mixed metal oxide of copper, manga- 
nese and iroiL 



20 



25 



30 



35 



It is preferred in manufacturing the pigment dispersions of 
this invention to employ as the primary' particle size of the 
pigments less than 100 nanometers (nm). particularly less 
than 50 nm. The particles of these pigments may also be 
coated with inorganic layers of silica, alumina, or zirconia 
for piuposes of improving the stability of the dispersions. 

Dispersants. effective for a Newtonian dispersion of the 
pigment in the polyimide vehicle and solvent system, were 
desiied. Catlonic dispersants are preferred, particularly cat- 
ionic dispersants composed of solutions with high molecular 
weight blocked copol>'mers widi chemical groups having 
strong afiGnity to the pigments of this invention. One such 
particularly preferred dispersant is that sold under the trade- 
mark Disperbyk-163 by Byk-Chcmie. Other such cationlcs 
include, for example, the trade names Disperbyk- 160. 161. 
162. 164 and 166. Anionic and nonlonic dispersants are also 
suitable. A list of such dispersants may be seen in Table 2 
below. 

TABLE 2 





Company 


ionic Nature 


Dispeibyk-160 


Byk-Cbemie 


Cationic 


Dispeibyk-161 


Byk-Chemie 


CaticHUC 


Di^rbylc-162 


Byk-Cbemie 


CatioDic 


Di^ibyt-163 


Byk-Cbcmie 


Cationic 


Di^ibyk-164 


Byk-Cbemie 


Cationic 


IM^etbyt-166 


Byk-Chexme 


Cationic 


LactimoD 


Byk-Cbemie 


Axbomc 


BybuDcn 


Byk-Cfaemie 


Anionic 


Duoaspeise 535 


HicksoD 


Aniomc 


Dumaspeise 540 


HkksoD 


Anionic 


Dumaspeis« 545 


HkksoD 


Anioroc 


Mazsperse 85B 


PPG 


Nonionic 


Mazspetse SF 19 


PPG 


Nooioaic 


Nuospeisc 65? 


Huls 


Nooianic 


Nuospene 700 


Hu] 


Amonic 


SolspcTse 12000 


Zeoeca 


Anionic 


Solsperse 27000 


Zeneca 


Nbnionic 



The dispersion is cacried out In. for example. Eigcr 
Mini- 100 raotonnills using suitable beads, e.g.. 0.65 mm 
yttrium stabilized zirconium oxide beads. 

Preferably, the pigments are di^>ersed in a Newtonian 
dispersion having di^>a:sant in an amount comprising 5% 
the weight of the pigment, a solution of polyimide precursor 
(22.7% solids in solution) and a substantial amount of 
solvent. 

SOLVENTS 

A solvent efifective for solubHizing the polyimide vehicle 
and dye compound is selected. The most preferred solvents 
for the polyimide/dye component and for the pigment dis- 
persion are N-methyl-2- pynolidone (NMP) and cyclohex- 
anone. Other suitable solvents may include dimethylaceta- 
mide (DMAc). N.N-dimetfaylf(Mmamide (DMF). bis-2- 
methylethyl ether (diglyme). tetrahydrofuifuryl alcohol 
(THFA). dimethylsulfoxide (DMSO). xylenes, cyclic 
ketones, alcohols, esters, ethers and mixtures thereof. A 
polymer/dye solution of sudi dyes shall also be suitable for 
the effective pigment dispersion, previously discussed. 

The black matrix compositions of this invention (1) can 
be applied to substrates by spin coating. (2) can be imaged 
using the same process en^loyed to image the RGB pixels. 
(3) developed using the same development j^ocess as the 
pbtels. and (4) provide an average O.D. for 1 micron film 
thicknesses over the region 400-700 nm of 2.4 O.D. The 
shelf life is excellent. i.e.. three months in the freezer or 
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three weeks at room lemperature. The surface resistivit>' is 
very high. i.e.. in the range of 10*^ ohra/squarc. and cost of 
production is much lower than sputtered chrome black 
matrices. 

EXAMPLE 1 

In a plastic beaker is added 11.6 g of N-methylpyrrolidone 
(NMP). 82 g of cyciohexaaone. l.S g of disperbyk-163. 20 
g of DARC polymer and 30 g of Pigment Black 26. The 
mixture is stirred with a spatula for about 5 minutes till 
hontogeneous. This pigment sluny is then added to Eiger 
M-lOO mill at 1000 rpm over a period of 15 minutes, using 
0.65 mm yttrium stabilized zirconium oxide beads. The 
beaker is then rinsed with 20 g of cydohexanone and rinse 
added to the mill. The grind speed is slowly increased to 
3000 ipm. The pigment is ground at this speed for 2 hours. 
In a separate plastic beaker equipped with mechanical stirrer 
is added 32.4 g of DARC polymer (22.9% in NMP only) and 
60 g of DARC 100. The mixture is stirred for 10 minutes. 
After 2 hours, the mixture of DARC polymer and DARC 
100 is added to the mill at 1000 ipnL DARC polymer is 
synthesized by dissolving 4S. 1 g of oxydianiline in NMP. 
then added 51.8 g of pyromellitic dianhydride and reacted 
for 5 hours at 40*^ C. The beaker is rinsed with 50 g of 
N*mcthyi-pyiTolidone and the rinse is added to the mill at 
1000 rpm. The mill is then nm at 3000 rpm for 90 minutes. 
Formulation is then Altered through 0.2 pm filters. The 
fonnulatioD is summarized in Table 3. A resistivity of 
5.6x10^' ohm/square, at a thickness of 1 micron and an O.D. 
of 2.4 were measured. 



TABLE 3 


CbcmicaJ Constitxicm 


Wei^t in grams 




61.6 8 


CyclobexaDOoe 


102 g 


Dispabyk'163 


1.S g (5% of die weight of pigment) 


DARC polymer 


52.4 gC22Mm NMP only) 


Pigment Black 26 


30 g 


DARC 100 


60 g 



Table 4 illustrates preferred conqx>sition with reference to 
Weight % for 2.4 optical density and 10^* ohm/square 
surface resistivity, at 1 micron ftlm thickness. 



TABLE 4 







Best Mode 


P&lyamic acid 




5.7% 


ColonDt (dye + pigmenl) 


99b-139b 




Dispersani 


03%-0.9% 


0.8% 


Solvent 


809t^8S% 


82.0% 



EXAMPLE2 

In a plastic beaker is added 375 g of NMP. 575 g of 
cydohexanone and 250 g of Pigment Black 26 (Daipyroxide 
TM Black 3551) with the primaiy particle size ranging from 
10 to 20 nm and the surface of which is covered with thin 
silica layers. The mixture is stirred witti a q>atida for 5 
minutes till homogeneous. This pigment slurry is then added 
to a ball mill together with quartz beads with 5 mm diameter 
of particle size, and ground at fee speed of 100-200 rpm for 
2 weeks. This mixture is dispersed at the speed of 7.000 rpm 
for 5 minutes in a homogenizer (Nihon Seiki Kaisha Ltd.) by 
adding 47.8 g of NMP and 2 1.0 g of cydohexanone to iL In 
a separate glass beaker equipped with a mechanical stirrer is 
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added 67.4 g of DARC polymer (20 wt % in NMP only). 
54.8 g of DARC 100, 69.8 g of NMP and 3.1.5 g of 
cyclrfiexanone. The mixture is dispersed in a homogenizer 
at the speed of 7.000 rpm for 5 minutes. In a homogenizer 
5 is added 225 ..1 g of the polymer/dye mixture and 175.7 g of 
the black pigment slurry. The homogenizer is then run at 
10.000 ipra for 10 minutes. Formulation is then filtered 
through 0.2 pm filters. The formulation is summarized in 
Table 5. 
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TABLE 5 



Cbcmical Corapositkra 


Weight ^ 


Potyamic acid 


4%-8% 


Cokxnmt 


6%-10% 


Dispersani 


0.1%-0.4% 


Sohreni 


85^90% 



(OD. = 2jD at 1 mkran fihn itnckness and surface resisiiviiy of 33 x 10** 
ohm/squaie) 



20 

Mediod of Use (Application) 

Photolithography process is applied to get fine resolution 
and wide p-bake window. Prime substrate is cleaned. APX- 

25 Kl. adhesion promoter from Shipley, is coated on substrate 
at 3000 rpm for 30 seconds, baked on hot plate at 175° C. 
for 30 seconds. Black matrix formulation is coated on 
APX-Kl coaled substrate at 750 rpm for 90 seconds, 
a-baked to evaporate solvent on hot plate at 100° C. fcff 60 

3Q seconds. The coatings were then ^baked in conventional 
ovens at 120°-180° C. for 30 minutes. The polyamic acids 
is 30%-50% imidized in this process. Photoresist is coated 
at 5000 ipm for 30 seconds, soft baked on a hot plate at 100° 
C. fcr 30 seconds, exposed and developed. Photoresist is 

35 stripped in safestrip. Black matrix is then final cured in oven 
bake at 250° C. for 30 minutes which completes the iml- 
dization jvocess. Other colors are applied and processed. 

Characteristic Properties 

40 FIG. 1 is a flow chart explaining the manufacturing 
process of a black matrix according to the present invention. 
FIG. 2 is a graph showing transmission spectra of 1 pm film 
obtained in Example 1. The material meets the goals of 
optical density and high resistivity. FIG. 3 shows sets of 

4S lithography data using both convection oven and hot plate 
beta-bake iHxx:esses. Li0iogrq>hy results show a wide pro- 
cessing latitude. Resolution down to 3 pm at 1 pm film 
thickness are achievable within a wide range of intennediate 
(beta-bake) tenqieratures. FIG. 4 is a schematic diagram 

so illustrating photo of a resolution dagger. FIG. 5 demon- 
strates Scanning Electron Microscope (SEM) of the black 
matrix material after resist removal and final cure. Good 
sidewall definition is evident in the pixd patterns. FIG. 6 is 
a schematic diagram illustrating typical surface roughness 

55 measiuement of the cured film. Surface roughness measure- 
ments were taken on a litbograjAy test sanq>le in an area 
adjacent to a resolution dagger. The surface has a uniform 
microroughness diat is well suited to a black matrix app^- 
cation. Resistivity measurements for a 1 pm film are on the 

60 order of 10*^ Q/square, thus jH^oviding a good balance of 
optical density and electrical properties. The composition 
can be applied by spin coating, intiaged and devdoped using 
the same process used for RGB pixels. The average optical 
density for the 1 pm film thickness over the region 40<)-700 

65 mn is 2.4. The material has good shelf life (3 months in 
freezer. 3 weeks at room temperature). It has low cost 
compared to chrome black matrix. 
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What is claimed: 

1. Aphotolilhographically imageable black matrix coating 
materia] having optical cieosit>'^2.0 and surface resistivity 
greater than 10^ ohm/square when coaled at thicknesses 
il.O micron, consisting essentially of 

a. a poiyimide precunor vehicle and a solvent system 
therefore. 

b. a soluble light-absoibing dye or mixtures of dyes, said 
dye or mixtures of dyes being substantially completely 
soluble in the vehicle and solvent system, and being 
effective to abs<H'b substantiaUy all light across a broad 
spectrum of from ultra violet to infrared, and 

c. a mixed metal oxide non-caibon black pigment or 
mixture of pigments, and a dispcrsant therefor in New- 
tonian dispersion, said pigment or mixtures of pigments 
being substantially black in color. 

2. The black matrbt coating materia] of claim 1. wherein 
the polylmide vehicle solvent system is an effective mixture 
of NMP and cyclohexanone. the dye mixture is solvent 
brown 44 and solvent blue 67 at a weight/weight ratio of 13 
to 1:5 and the pigment is a spinel structured oxide of metals 
and mixtures of multiple metals selected from the group 
consisting of copper, manganese, chromium, iron, 
magnesium, aluminum, zinc. tin. titanium, nickel, cobalt 

3. The black matrix coating material of claim 2 having a 
weight per cent composition of 4% to 8% polyimide vehicle. 
&0% to 85% solvent. 9% to 13% dye plus pigment wherein 
the weightAveight ratio of dye to pigment is 1 : 1 5 to 3 : 1 5. and 
the pigment is pigment black 26 made from a spinel struc- 
tured oxide of metals and mixtures multiple metals 
selected from coppa. manganese and iron, having a CX of 
77494. and 03% to 0.8% of a cationic dispersant made from 
high molecular weight blocked copolymers with chemical 
groups having strong affinity to tbc pigment black 26. 
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4. The coating material of claim 3 having a resistivity of 
at least 10*^ ohm/square. 

5. The black matrix coating material of claim 1 having a 
dye specified from color index of solvent black 3 to solvent 

5 black 47. 

6. The coating material of claim 1 having a pigment 
specified from CI. 77428 to 77494. 

7. The coating material of claim 1 wherein the polyimide 
vehicle is selected from the group of reaction products of 

a. ODA and PMDA. and 

b. ODA and BTDA. 

8. The coating material of claim 1 wherein die pigment 
dispersion comprises pigment particles having a particle size 
less than 100 nm. 

9. The coating material of claim 1 wherein the surface of 
the pigments is coated with a material selected from the 
group consistiog of silica, alumina and zirconia. 

10. A method for making an organic black matrix coating 
material for STN or TFT pixel applications, said mediod 
comprising admixing 

^ a. a polyimide precursor vehicle and light-absorbent 
organic broad spectrum light-absorbing dye capable of 
forming a high resistivity black coating and an effective 
solvent and 

b. a Newtonian dispersion of a black pigment having a 
C.L from 77428 to 77494 at particle sizes less than 100 
nm. and composed of mixed metal oxides of copper, 
manganese and iron, with an effective dispersant in the 
said effective solvent, and said dye and pigment being 
in a weightAveight ratio of about 1:15 to 3:15. 

whereby the coating materials optical density is higha 
than 2.0 at ultra thin coating thicknesses without the 
need for admixing carbon black. 

m * m * * 
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ABSTRACT 



The present invention provides a pigment dispersed 
color-filter composition containing a binder polymer 
such as an alkali-soluble block copo]3aner; a radiation- 
sensitive compound; and a pigment. The pigment-dis- 
persed color-filter composition which further contains 
an organic medium, or an organic medium and a car* 
boxylic acid is also provided. 

6 Claims, No Drawings 
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PIGMENT-DISPERSED COLOR-FILTER 
COMPOSITION COMPRISING AN 
ALKAU-SOtUBLE BLOCK COPOLYMER AS A 

BINDER S 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention relates to a pigment-dispersed 
composition for a color-filter (to be referred to as "pig- 
meat-dispersed color-filter composition*' hereinafter). 
More specifically, it relates to a pigment-dispersed col- 
or-filter composition useful for the production of color 
filters of a liquid crystal display and a charge coupled 
device. 15 

For producing a color filter of a liquid display, a 
dyeing method, a printing method and an dectrodeposi- 
tion method axe known. In recent years, a photolitho- 
graphic method using a pigment-dispersed photosensi- 
tive composition is particularly attracting attention in ^ 
terms of color purity, dimensional accuracy and process 
resistance ("Color Liquid Crystal Display" page 173, 
edited by Shunsuke Kobayashi, published by Sangyoto- 
sho, 1990). 

However, the photoHthographic method using a pig- 25 
ment-dispersed photosensitive composition having a 
variety of advantages is still required to have further 
improved performances for stably producing highly 
accurate and fine color filters. That is, a highly accurate 
and fine pixel is liable to peel off a substrate in a devel- 30 
opment step when a colored pixel of a color filter is 
formed by ^plying a pigment-dispersed photosensitive 
composition to the substrate, eicposing the coating and 
developing it, and the color filter is thus liable to have 
a deficiency. On the other hand, when an attempt is 3S 
inade to improve the adhesion of a highly accurate and 
fine pixel to a substrate, the solubility of a non-pixel 
portion which should be dissolved away in a developer 
solution tends to decrease, and a so-called surface soil- 
ing and resin-remaining are liable to occur. In this case, 40 
it is general practice to apply a physical stimulus by 
rubbing the coating with a soft substance such as sponge 
or the like for removing the surface soiling and remain- 
ing resin. However, this practice is undesirable, since it 
involves toughening and occurrence of dust on the 45 
color filter surface, which ends up in a decrease in the 
yields of color filters. 

When a color filter is produced from a radiation-sen- 
sitive composition, it is conventionally produced as 
follows. A light shielding layer in a desired pattern is 50 
formed on a glass substrate on which an SiOi film or the 
like has been formed to prevent the elution of sodium 
ion. A radiation-sensitive composition is spin-coated on 
the Hght shielding layer to form a coating, and the coat- 
ing is heated (prebaked) and dried. The so-prepared 55 
dried coating (to be sometimes referred to as "dry coat- 
ing" hereinafter) is exposed and developed to form a 
pixel of each color. 

In the so-obtained dry coating formed on the sub- 
strate, the thickness of its central portion and the thick- 60 
ness of its marginal portion sometimes differs by 0.2 /im 
or more, and striation (streaks) sometimes occurs. It is 
therefore difficult to produce a dry coating having a 
uniform thickness. Further, an unevenness having a 
depth of approximately 300 to 500A is sometimes 65 
formed on the dry coating surface, and the dry coating 
surface is inferior in surface smoothness. When the 
surface of the coating formed by spin coating has a 
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nonuniform thickness or fine evenness, a color filter 
obtained by developing the dry coating has inferior 
transparency. 

For this reason, in forming a color filter on a substrate 
sur&ce, it is therefore desired to develop a radiation- 
sensitive composition for a color fitter, which is capable 
of forming a dry coating having a uniform thickness and 
having an excellently smooth surface. 

When a conventional color filter is produced from a 
radiation-sensitive composition, a coating of the compo- 
sition is developed with an alkaline aqueous solution. In 
this case, an undissolved substance from the radiation- 
sensitive composition sometimes remains on a non-pixel 
portion of the substrate; When an undissolved substence 
from the radiation-sensitive composition remains on the 
non-pixel portion of the substrate, the color filter shows 
a decline in transmittance or a decrease in. contrast. 
When a color filter is produced, generally, pixels of 
three colors are consecutively produced by consecu- 
tively forming coatings of radiation-sensitive composi- 
tions each of which has a hue of red, blue or green. 
However, when an undissolved substance of the radia- 
tion-sensitive composition for forming a pixel of one of 
the colors remains on the substrate, a pixel of other 
color subsequentiy formed on the substrate where the 
undissolved substance remains is inferior in adhesion to 
the substrate and hence, it may ped off. The so-remain- 
ing undissolved radiation-sensitive composition on a 
non-pixel portion of the substrate surface is one of the 
reasons for decreasing the yields of color filters. 

It is therefore an object of the present invention to 
provide a novel pigment-dispersed color-filter composi- 
tion. 

It is another object of the present invention to pro- 
vide a novel pigment-dispersed color-filter composition 
which gives pixels having excellent adhesion to a sub- 
strate and is free of surface soiling and a remaining 
composition in development 

It is further another object of the present invention to 
provide a pigment-dispersed color-filter composition 
which gives a color filter having little difference in 
thickness between its central portion and its Tnar gfngl 
portion and having excellent surface smoothness. 

Further, it is another object of the present invention 
to provide to a pigment-dispersed color-filter composi- 
tion which is capable of uniformly forming pixels hav- 
ing excellent adhesion to a substrate without leaving an 
undissolved substance of the composition on a non-pixel 
portion when a color filter is produced. 

It is still further another object of the present inven- 
tion to provide a novel pigment-dispersed color-filter 
composition useful for producing a color filter for a 
Hquid crystal display and a charge coupled device. 

Other objects and advantages of the present invention 
will be apparent fi-om the following description. 

According to the present invention, the above objects 
and advantages of the present invention will be 
achieved, first, by a novel pigment-dispersed color-filter 
composition (to be referred to as *'first composition" 
hereinafter) comprising: 

(A) an alkali-soluble block copolymer composed of a 
block having an acid group and a block having no 
acid group, 

(B) a radiation-sensitive compound, and 

(C) a pigment 

In the first composition of the present invention, an 
alkali-soluble block copolymer (A) composed of a block 
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having an acid group and a block having no acid group solution is insufficient, and a surface soiling and a resin- 
is used as a binder. remaining are liable to occur on a non-pixel portion. 

The block having an acid group is composed of a When it exceeds 50% by weight, the solubility of the 
homopolymer formed from at least one monomer hav- block copolymer in an alkali developer solution is too 
ing an add group such as an ethylenically unsaturated 5 high, and pixels are liable to ped off a substrate. The 
carboxyHc acid and ethylenically unsaturated sulfonic amount of the monomer having an acid group is pardc- 
acid, a copolymer of these or a copolymer formed from ularly preferably 20 to 40% by weight 
the above monomer having an acid group and a mono- Concerning the molecular weight of the block co- 
mer having no acid group and being copolymenzable polymer, the weight average molecular weight of the 
with the above monomer. 10 block copolymer as a polystyrene measured by gel per- 

In view of ease in controlling the polymerization meation chromatography (to be abbreviated as GPC 
degree, preferred as the block having an acid group is a hereinafter) using tetrahydrofuran (THF) as a carrier is 
homopolymer of an ethylenically unsaturated carbox- preferably 10,000 to 500,000, particularly preferably 
ylic add or a copolymer formed from an ethylenically 20,000 to 300,000. 

unsaturated carboxyHc add and a monomer having no 15 When the above molecular weight of the block co- 
add group and being copolymerizable therewith. polymer exceeds 500,000, a scumming is liable to occur 

The ethylenically unsaturated carboxyHc add prefer- around developed pixels, a pattern edge is liable to 
ably indudes acryHc acid, methacrylic add, crotonic show insuflident sharpness, and a surface soiling and 
add, iraconic acid, maldc acid, fumaric add, mono- resin-remaining are liable to occur on a non-pixel por- 
methyl maleate and monomethyl fomarate. 20 tion. When the molecular weight of the block copoly- 

The ethylenically unsaturated sulfonic add includes mer is less than 10,000, the solubiHty of the block co- 
isoprenesulfonic acid and styrenesulfonic acid. polymer in an alkaH developer solution is too high 

The monomer having no acid group and being co- under optimum development condition, and the time 
polymerizable with the above monomer includes aro- span for the development is small (for example about 20 
matic vinyl compounds such as styrene, a-methylsty- 25 to 40 seconds), and the so-called devdopment time 
rene and vinyltoluene; ethylenically imsaturated car- margin is liable to decrease. 

boxyHc acid esters such as methyl (meth)acrylate, ethyl The radiation-sensitive compound (B) can be se- 
(meth)acrylate, butyl (meth)acrylate, 2-hydroxyethyl lected, for example, from (1) a compound whose mole- 
(meth)acrylate and benzyl (meth)acrylate; carboxylic cule is decompc^ under irradiation with radiation to 
add vinyl esters such as vinyl acetate and vinyl propio- 30 free an active compound, generate a chain reaction of 
nate; vinyl cyanides such as (meth)acrylomtrile and unsaturated double bonds and form a three-dimension- 
a-chloroacrylonitrile; and aliphatic conjugated dienes ally crosslinked compound and (2) a compound whose 
such as 1,3-butadiene and isoprene. molecule b decomposed under irradiation with radia- 

The block having no add group is formed of a poly- tion to bond to a C— C bond or a C— H bond by an 
mer or copolymer composed from one ol^ or a pluraHty 35 insertion reaction and form a three-dimensionally cross- 
of, the above monomers such as aromatic vinyl com- linked structure. 

pounds, ethylenically unsaturated alkyi carboxyHc acid The above (1) compound is selected from those corn- 
esters, vinyl carboxyHc add esters, vinyl cyanides and pounds which generate radicals, carbene or nitrene, i.e., 
aliphatic conjugated dienes; ethylenically unsaturated a photopolymerization initiator and a compound which 
carboxylic acid aminoalkyl esters such as aminoethyl 40 has polyvalent unsaturated double bonds and is poly- 
acrylate; unsaturated aHphatic glyddyl esters such as merized under irradiation with radiation, Le., a photo- 
glyddyl (meth)acrylate; macromonomers having a ter- polymerizable monomer and oHgomer. 
minal (meth)acryloyl group such as polystyrene having Examples of the photopolymerization initiator in- 
a terminal (meth)acryloyl group; polymethyl (meth)a- elude a carbonium compound, an azo or azide com- 
crylate having a terminal (meth)acryIoyl group, poly- 45 pound, an organic sulfiir compound, peroxide and a 
butyl (meth)acrylate having a termmal (meth)acryloyl trihalomethane compound. 

group and polysiHcone having a terminal (meth)acryl- Specific examples of the carbonium compound in- 
oyl group. elude diacetyl, benzyl, benzoin, 2-hydroxy-2-methyl-l- 

Of polymers or copolymers formed from the above phenylpropan-l-one, l-(4-isopropylphenyl)-2-hydroxy- 
monomers, preferred is a copolymer formed from a 50 2-methylpropan-l-one, 4-(2-hydroxyethoxy)phenyl-2- 
macromonomer containing polystyrene, polymethyl (hydroxy-2-propyl)ketone, l-hydroxycyclohexylke- 
(meth)acrylate, polybutyl (meth)a^late or polysiH- tone, 2,2-dimethoxy-2-phenylacetophenone, 2- 
cone. methyl[4-(methylthio)phenyl]-2-morpholino- 1-propan- 

The block copolymer can be produced by one of weU 1 -one, 2-benzyl-2-dimethy lamino- 1 -(4-morpholino- 
known polymerization methods such as a Kving poly- 55 phenyl>-butan-l-one, benzophenone, 4,4'-bis(dime- 
merization method, a method in which different blocks thylamino)benzophenone, 4,4'-bis(diethylamino)ben- 
are bonded by a functional group reaction and a method zophenone, 2,4-diethylthioxanthone and 3,3-dimethyl- 
using the macromonomer ["Kobunshi Gosd" (Polymer 4-methoxybenzophenone. 

Synthesis), Essence of Polymer and Topics 2, Chapter Specific examples of the azo or azide comjxjund in- 
12, Junji Funikawa, published by Kagaku Dojin, 19S6]. 60 elude azoisobutyronitrile, diazonium, 4-azidobenzalde- 
When the macromonomer is used, advantageously, the hyde, 4-azidoacetophenone, 4-azidobenzalacetophe- 
intended block copolymer can be obtained by a simple none, 4-azidobenzaIacetone, azidopyrene, 4-diazodi- 
radical polymerization method. phenylamine, 4-diazo-4'-methoxydiphenylamine and 

When the block copolymer is produced, the amount 4-diazo-3 -methoxydiphenylamine. 
of the monomer having an acid group is preferably 15 to 65 Specific examples of the organic sulfur compound 
50% by wdght based on the total amount of the mono- include mercaptan disulfide. 

mers. When this amount is less than 15% by wdght, the Specific examples of the. peroxide mclude diethyl 
solubility of the block copolymer in an alkaH devdoper ether peroxide. 



5,368,976 

5 6 

Specific examples of the tnhaloznetfaane inclnde 13- C 1. Pigment Orange 43 
bis(trichloromethyl>5-(2'*«hlorophenyl)-s-triazme and * C L Pigment Red lOS 
l,34ns(tnchl(m)metfayl)-5-(4'-methoxyphenyl)-s-tria- C L Pigment Red 149 

zine. C I. Pigment Red 176 

Examples of the photopolymerizable monomer or 5 C L Pigment Red 177 
oligomer include polyacryloyl compounds such as tri- C L Pigment Violet 14 
methylolpropane triacrylate, pentaerythritol triacryl- C I. Pigment Violet 29 
ate, trisacryloyloxyethyl phosphate, pentaerythritol C L Pigment Blue 15 
tetraacrylate, dipentaerythritol pentaacrylate and C, L Pigment Blue 153 
dipentaerythiitol hexaacrylate; a condensate of 4- 10 C L Pigment Blue 22 
azidobenzaldebyde and polyvinyl alcohol, a condensate C. L Pigment Blue 28 
of 4-azidobenzaldehyde and a phenol novolak resin, and C. 1. Pigment Green 15 
a polymer or copolymer of 4-acryloylphenylcimiamoyl C. I. Pigment Green 25 
ester. C. 1. Pigment Green 36 

The above (2) compound is selected from those com- 15 C I. Pigment Brown 28 
pounds having at least two functional groups which C. I. Pigment Black 1 
generate carfoene or nitrene under irradiation with radi- C. I. Pigment Black 7 
ation, le., photo-crosslinking agents. 

Examples of the photo-crosslmkmg agents include The amount of the pigment (Q per ICK) parts by 

diazidochalcone, 2,6-bis(4'-a2idobenzal)cyclohexanone, 20 weight of the alkah-soluble block copolymer (A) is 10 

2,6-bis(4'-aadobenzal)-4-methylcyclohexanone, 1,3- to 1,000 parts by weight, preferably 20 to 500 parts by 

bis(4'-azidobenzal)-2-propane, l,3-bis(4'-azidocin- weight When this amount is less than 10 parts by 

namylidene)-2-propanone, 4,4'-diazidostilbene and am- weight, the color density in a pixel portion is liable to be 

monium bichromate. insufficient When it exceeds 1,000 parts by weight, a 

Of the above radiation-sensitive compounds, it is 25 surface soiling and a resin-remaining are liable to occur 

preferred to use a compound which generates radicals on a non-pixel portion. 

under irradiation with radiation as a photopolymeriza- The first composition of the present invention may 

tion initiator and a polyacryloyl compound as a photo- further contain other additives as required in addition to 

polymerizable monomer or oligomer. the above components (A), (B) and (Q. 

For example, 2-methyl[4<methylthio)phenyl]-2-mor- 30 The above "other additives" include a filler, other 

pholino-l-propan-l-one or 2-benzyl-2-dimethylamino- polymer compound, a surfactant, an adhesion promoter, 

1 -(4-morpholinophenyl)-butan- 1 -one is used as a photo- an antioxidant, an ultraviolet light absorber, an aggrega- 

polymenzation initiatort and pentaerythritol triacrylate tion preventer and a sensitizer, 
or dipentaerythritol hexaacrylate is used as a photopo- Specific examples of the other additives include fillers 

lymerizable monomer or oligomer. In this case, the 35 such as glass and alumina; polymer compounds such as 

amount of the photopolymerization initiator per 100 polyvinyl alcohol, polyacrylic acid, polyethylene gly- 

parts by weight of the photopolymerizable monomer or col monoalkyl ether and polyfluoroalkyl acrylate; non- 

oligomer is 0.01 to 200 parts by weight, preferably 1 to ionic, cationic and anionic surfactants: adhesion pro- 

120 parts by weight moters such as vinyltrimethoxysilane, vinyltriethoxysi- 

The radiation-sensitive compound may be used in any 40 lane, vinyltris(2-methoxyethoxy)silane, N-(2-aminoe- 

amount as far as the first composition can form a coat- thyl)3-aminopropylmethyldimethoxysilane, N-{2- 

ing having an adhesion under irradiation with radiation, aminoethyl)3-aminopropyltrimethoxysflane, 3-amino- 

and yet the amount of the radiation-sensitive compound propyltriethoxysilane, 3-glycidoxypropyltrimethoxysi- 

per 100 parts by weight of the alkali-soluble block co- lane, 3-glycidoxypropylmethyldimethoxysilane, 2-(3,4- 

polymer (A) is preferably 5 to 500 parts by weight, 45 epoxycyclohexyl)ethyltrimethoxysilane, 3-chloro- 

more preferably 20 to 200 parts by weight When this propylmethyldimethoxysilane, 3-chloropropyltrime- 

amount is less than 5 parts by weight, the clearness of thoxysilane, 3-methacryloxypropyltrimethoxysilane 

pixels is liable to be insufficient When it exceeds 500 and 3-mercaptopropyltrimethoxysilane; antioxidants 

parts by weight, a resm is liable to remain on a non-pixel such as 2,2-thiobis(4-methyl-6-t-butylphenol) and 2,6-di- 

portion. * 50 t-butylphenol; ultraviolet light absorbers such as 2-(3-t- 

The pigment (C) is selected from both organic pig- butyl-5-methyl-2-hydroxyphenyl)-5-chlorobenzo- 
ments and inorganic pigments. triazole and alkoxybenzophenone; aggregation prevent- 
As organic pigments, preferred are dyes and pig- ers such as sodium polyacrylate and sodium polymeth- 
ments which are insoluble in water or an organic sol- acrylate; and sensitizers such as benzophenone, 4,4'-bis(- 
vent Specific examples of the organic pigments are 55 dimethylamino)benzophenone, 4,4'-bis(diethylamino)- 
described in chapter "Pigment" under ''Color Index" benzophenone and nitropyrene. 
(published by The Society of Dyers and Colourists). The solvent for dissolving the first composition of the 
As inorganic pigments, preferred are metal-contain- present invention is preferably selected from alcohols 
ing compounds such as metal oxides and metal complex such as methyl alcohol, ethyl alcohol, n-propyl alcohol 
salts. Specific examples of the inorganic pigments in- 60 and i-propyl alcohol; cellosolves such as methyl cello- 
elude oxides of iron, cobalt, aluminum, cadmium, lead, solve and ethyl cellosolve; carbitol type solvents such as 
copper, titanium, magnesium, chromium, zinc and anti- diethylene glycol methyl ether and diethylene glycol 
mony and composite oxides of these. ethyl ether; esters such as ethyl acetate, butyl acetate. 
Specifically, the pigment (Q includes the following. methyl methoxypropionate, ethyl ethoxypropionate 
C. I. Pigment Yellow 24 65 and ethyl lactate; ketones such as acetone, methyl isobu- 
C. I. Pigment Yellow 31 tyl ketone and cyclohexanone; cellosolve acetates such 
C. L Pigment Yellow 53 as methylcellosolve acetate and ethylcellosolve acetate: 
C L Pigment Yellow 83 cazbitol acetate solvents such as diethylene glycol 
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methyl acetate and diethylene glycol ethyl acetate; acrylomtiile; aliphatic conjugated dienes such as 1,3* 
ethers such as diethyl ether, ethylene glycol dimethyl butadiene and isoprene; and macromonomcrs such as 
ether, diethylene glycol diethyl ether (digiyme) and polystyrene, polymethyl (meth)acryiate, polybutyl 
tetrahydrofiiraii; aprotic amide solvents such as N,N- (meth)acrylate and polysilicone all of which have termi- 
dimethylformamide, N,N-dimethylacetamide and N- 5 nal (meth)acryloyl groups. 

methylpyrrolidon^ lactones such as T-butyrolactone, The above comonomers may be used alone or in 
aromatic hydrocarbons such as benzene, toluene, xylene combination. 

and naphthalene; and saturated hydrocarbons such as When the binder polymer (A*) is formed, the amount 
n-heptane, n-hexane and n-octane. of the above acid monomer (A'-l) per 100% by weight 

The first composition of the present invention can be 10 of the total monomer amount is preferably 15 to 50% by 
prepared by mixing and dispersing the above compo- weight, more preferably 20 to 40% by weight, 
nents (A), (B) and (Q and optionally other additive(s) Specific examples of the above binder polymer {AO 
in the presence of the solvent by means of a ball miD, a include a ben2yl methacrylate/methacrylic acid/sty- 
pebble mill, a shaker, a homogenizer, a three-roll mill or rene copolymer, a methyl methacrylate/methacrylic 
asandmilL IS add/styrene copolymer, a benzyl methacrylate/metha- 

The substrate used for forming a color filter from the crylic acid/polystyrene macromonomer copolymer and 
so-prepared first composition of the present invention a methyl methacrylate/methacrylic acid/polystyrene 
includes soda glass, Pyrex glass, quartz glass and prod- macromonomer copolymer. 

ucts prepared by forming a transparent electrically con- As the binder polymer (A*), preferred also is an alkali- 
dttctive coating on these glasses, which are used in a 20 soluble block copolymer composed of a block having an 
liquid crystal device, and a photoelectric transfer de- add group and a block having no acid group. This 
vice substrate used in a solid camera device such as a alkali-soluble block copolymer includes those described 
silicon substrate. regarding the first composition. For example, preferred 

According to the present invention, secondly, there is is a blodc copolymer having, as a block having an acid 
similarly provided a pigment-dispersed color-filter 25 group, a polymer selected from the group consisting of 
composition (to be referred to as "secoiul composition" a homopolymer obtained from a monomer having an 
hereinafter) comprising: add group, a copolymer obtained from monomers hav- 

(AO a binder polynaer, mg acid groups and a copolymer obtained from a mono- 

(B) a radiation-sensitive compound, mer having an acid group and a monomer having no 

(C) a pigment, and 30 add group. 

(P) a liquid medium containing at least 50% by The binder polymer (A') having a structural unit 
weight of at least one organic medium which has a derived from the above acid monomer (A'-l) exhibits 
boiling point, measured at atmospheric pressure, of solubility in an alkali. 

100* to 200" C. and a vapor pressure, measured at The binder polymer (A*) obtained from the add mon- 
20* C. of 0.05 to 10 mmHg and is selected from the 35 omer (A'-l) particularly in the above amount has excd- 
group consisting of an ester, an ether and a ketone. lent solubOity m an alkali developer solution and forms 
The above second con^)osition, when formed into a almost no undissolved substance. Thus, almost no sur- 
coating, gives a color filter having little difference in face soiling or resin-remaining occurs on a non-pixel 
thickness between its central portion and its marginal portion on a substrate. Further, the binder polymer (A') 
portion and having excellent surface smoothness. 40 is not excessively dissolved in an alkali developer solu- 
In the second composition, as the binder polymer tion, and can serve to form color pixels which have 
(AO, preferred is a copolymer (e.g., random copolymer excellent adhesion to a substrate and hardly peel off the 
or block copolymer) obtained from an acid monomer substrate. 

(A'-l) and a comonomer (A'-2) copolymerizable with When measured by gel permeation chromatography 
this add monomer. The above acid monomer (A'-l) 45 (GPC, using THF as a carrier), the weight average 
indude unsaturated carboxylic acids having at least one molecular weight, as a polystyrene, of the binder poly- 
carboxylic acid in the molecule such as unsaturated mer (A*) used in the second composition is preferably 
monocarboxylic acids and unsaturated dicarboxylic 10,000 to 500,000, more preferably 20.000 to 300,000, 
acids and unsaturated sulfonic acids having at least one particularly preferably 30,000 to 300,000. 
sulfonic add in the molecule. Specific examples of the 50 The binder polymer (A^ having the above molecular 
unsaturated carboxylic add include (meth)acrylic add, wdght hardly causes a scumming (refuse on a surface) 
crotonic acid, iraconic add, maldc acid and fumaric around color pixels In development, and can serve to 

form pixels having sharp pattern edges. Further, it 

Examples of the unsattirated sulfonic adds include hardly causes the remainmg of a resin on a non-pixel 
isoprenesulfonlc acid and styrenesulfonic add. 55 portion on a substrate and hardly causes a surface soil- 

The above acid monomers may be used alone or in ing and resin-remaining. Further, the above binder pol- 
combination. ymer (A') serves to mcrease the development time dur- 

Spedfic examples of the comonomer (A'-2) include mg which the devdopment can be carried out under 
aromatic vinyl compounds such as styrene, a-methyls- optimum conditions, and thus increase the margin of 
tyrene and vinyltoluene; unsaturated carboxylic add 60 development time. 

alkyl esters such as methyl (meth)acrylate, ethyl (meth- In the second composition, the radiation-sensitive 
)acrylate, butyl (meth)acrylate, 2-hydroxyethyl (meth- compound (B) can be selected from those described 
)acrylate and benzyl (meth)acrylate; unsaturated car- regarding the first composition, 
boxylic acid aminoalkyl esters such as aminoethyl aery- In the second composition, the photopolymerization 
late; unsaturated carboxylic acid glyddyl esters such as 65 initiator, photopolymerizable monomer, photopolymer- 
glycidyl (meth)acrylate; carboxylic add vinyl esters izable oligomer and photo-crosslinking agent, all of 
such as vinyl acetate and vinyl propionate; vmyl cya- which are described regarding the first composition, 
nide compounds such as (meth)acrylonitrile and a- may be tised alone or in combination, and particularly. 
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it is preferred to use the photopolymerization initiator Ketones such as cyclohexanone, methyl-n-propyl 

and either the photopolymerizable monomer or photo- ketone, methyl-n-butyl ketone, metbyl-n-amyl ketone 

polymerizable oligomer in combination. and 2-heptanone. 

The amount of the radiation-sensitive compound (B) The above organic media may be used alone or m 

per 100 parts by weight of the binder polymer (AO is ^ combination. ' 

generally S to 500 parts by weight, preferably 20 to 200 above ester, ether or ketone contained in the 

parts by weight liquid medium (D) has a boiling point of 100* to 200* C. 

When the photopolymerization initiator and either ^ described above, and preferred are organic media 

the photopolymerizable monomer or photopolymeriz- ^^^^ing a boilmg point of 130* to 190* C. 

able ohgomer is used in combination, the amount of the ^^^^ ^er or ketone has a vapor pressure 

photopolymerization initiator per 100 parts by weight ^'^^ ^^-^ mmHg, and preferred are organic media 

of the photopolymerizable monomer or oligomer is 0.01 ^ ^^I^ pressure of 0. 1 to 5.0 mmHg. 

to 200 parts by weight, preferably 1 to 120 parts by Specific examples of the orgamc solvent preferably 

weight include ethyl lactate, methyl 3-methoxypropionate, 

Further, m the second composition, the pigment (O ^^7} 3^thoxypropionate, ethyl 2^thoxypropionate, 

can be selected from those described regardingAe first ^^hylfUosolve a^tat<^ ethylcellosolve acetate, dieth- 

comoosition yiene glycol dimethyl ether, diethylene glycol diethyl 

T \^ J ^ ^ /• • ether and propylene glycol monomethyl ether acetate. 
In the second composition, the amount of the pic- , ^ VrN^ . • i ^ ^ ^XZ 
™ • r i_ J 1 The hqmd medium CD) contams.at least 50% by 

Ta^I^^SK 20 weight,preferably atleLt70%by weight ofatleai[ 

$n ? • ^ "^^^^ prefembly ^^^^ '^^^^ ^^^^ 

20 to 5W parte by weight In addition to at least one of the above ester, ether 

Further, the hqmd medium (D) used m the second y^^^^ 

composition con^ at l^t 50% by weight of an or- vent, and this "other solvent* ' can be selected from any 

game medium. The orgamc medium refers to an ester, 25 solvents which can disperse or dissolve the above pig- 

an ether and a ketone which have a boilmg point, mea- nient (C), the binder polymer (AO and the radiation-sen- 

sured at atmospheric pressure, of 100" to 200* C. and a sitive compound (B). 

vapor pressure, measured at 20* C, of a05 to 10 mmHg. when the liquid medium (D) contains more than 50% 

The above ester, ether and ketone specifically include by weight of a solvent whose boiling point is higher 

the following: 30 than 200' C, the liquid medium (D) is not sufficiently 

Saturated aliphatic monocarboxylic acid alkyl esters evaporated in prebaking a coatmg and remains in the 

such as n-butyl acetate and isobutyl acetate; dry coating. As a result, the dry coating sur&ce may 

Lactic acid esters such as methyl lactate and ethyl have the property of adhesion and cause sticking, and 

lactate; the heat resistance of the dry coating may decrease. 

Oxyacetic acid alkyl esters such as methyl oxyace- 35 Further, when a large amount of the liquid medium (D) 

tate, ethyl oxyacetate and butyl oxyacetate; remains in the dry coating, the dry coating may peel off 

Alkoxyacetic acid alkyl esters such as methyl me- a glass substrate, particularly a glass substrate having an 

thoxyacetate. ethyl methoxyacetate, butyl methoxyace- SiOz film on the surface, during the development 

tate, methyl ethoxyacetate and ethyl ethoxyacetate; On the other hand, when the liquid medium (D) con- 

3-Oxypropionic acid alkyl esters such as methyl 3- ^ tains more than 50% by wdg^t of a solvent whose 

oxypropionate and ethyl 3-oxypropionate; boiling point is lower than 100' C, it is difficult to apply 

3-Alkoxypropionic acid alkyl esters such as methyl ^® radiation-sensitive composition evenly and uni- 

3-methoxypropionate, ethyl 3-methoxypropionate, formly, and as a result, it is difficult to obtain a dry 

methyl 3-ethoxypropionate and ethyl 3-ethoxypropion- coating having excellent surface smoothness, 

ate; 45 In the second composition, the amount of the liquid 

2-Oxypropionic acid alkyl esters such as methyl 2- medium (D) per 100 parts by weight of the bmder poly- 

oxypropionate, ethyl 2-oxypropionate and propyl 2- generaUy 100 to 10,000 parts by weight, 

oxypropionate- *^ ^ preferably 500 to 5,000 parts by weight 

2.AlkoxypK;pionic acid alkyl esters such as methyl ^ ^^^^ composition of the pr«>ent invention may 

2-methoxypropionate, ethyl 2-methoxypropionate. pro- ^ f"^' ^^^^^^ ^ ^^^^^^ ^^^^ ^ 5,^^^' 

pyl 2.methoxypropionate, methyl 2-eS.oxypropionate ^^^"^ f^^^^^^ compound, a surfactant ^ adhesion 

and ethyl 2^&oxypropionate: promoter, an antioxidant an ultraviolet absorber, an 

2-C)xy-2.methylpropionk^ ag^egadon preventer and other ^ 

*u 11 1 *i. 1 « «a auvi* « The above "other additives" mclude . those descnbed 

me^y 2.oxy-2.methylpropionate and ethyl 2.oxy.2. 55 regardmg the first composition, 

me y propionate; „ , , The second composition of the present invention can 

Monooxymonocarboxyhc acid alkyl esters such as ^e prepared by dissolving or dispersmg the above com- 

methyl 2-medioxy.2.methylpropionate and ethyl 2- ^ and (D) and optionally other 

etfaoxy.2-methylpropionate; oomponeait(s). 

Ketomc acid esters such as ethyl pyruvate; ^ when the second composition is used, the organic 

CeUosolve acetates such as methylcellosolve acetate, solvent is sufficiently evaporated m a prebakmg step, 

ethylceDosolve acetate and diethylceUosolve acetate and there is no case where a large amount of the orgamc 

Ethers such as dichloroethyl ether, n-butyl ether, solvent remains in the dry coatmg. Therefore, the dry 

diisoamyl ether and methyl phenyl ether; coating surface does not. at all have the property of 

Carbitols such as methyl ethyl carbitol, diethyl carbi- 65 adhesion and does not cause sticking. Further, since no 

tol, diethylene glycol methyl ethyl ether, diethylene organic solvent remains in the dry coating in a large 

glycol dimethyl ether and diethylene glycol diethyl amount the dry coating does not peel off the substrate, 

ether; nor does the heat resistance decrease. 
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Further, the second composiiioii can be evenly and acetic acid, propionic add, lactic acid, valeric acid, 
uniformly applied onto a glass substrate with a spin pivalic add, caproic add, dietbylacetic add, enanthic 
coater. Therefore, the second composition can form a add and caprilic acid; dicaiboxylic adds such as oxalic 
dry coating having a unifonn thickness and having an acid, malomc add, succinic acid, glutaric add, adipic 
excellently smooth sor&ce without causing striation. 5 add, pimelic acid, suberic acid azelaic acid, sebacic 
Moreover, the so-formed dry coating has exceUent add, brassylic acid, methyhnalonic add, ethylmalonic 
adhesion to the substrate. add, dimethylmalonic add, methylsuccinic acid, tet- 

The above dry coating is devdoped with an alkali to ramethylsuccinic add, cydohexaDedicarbox>4ic add, 
give a color fQter havmg exceUent transparency. iraconic add, dtraconic acid, maleic add and fmnaric 

When the second composition of the present inven- 10 add; and tricarboxylic adds such as tricarbaDyHc acid, 
tion IS used, color filters having exceflent transparency aconitic add and camphotonic add. 
can be produced at high yidds. Examples of the phenyl groupKxmtaining carboxylic 

For formmg pixels from the radiation-sensitive color. adds include carboxylic adds in which a carboxyl 
filter a)mposition in the present mvention, it is pre- ^irecdy bonds to a phenyl group and carboxylic 

ferred to use an alkahne solution of at least one member 15 acids in which a carboxyl group is bond to a phenol 
selected from inorgamc alkahs such as sodium carbon- group through a carbon bond, 
ate, potasaum hydroxide and potassium carbonate and Spedfic examples of the above phenyl group^ontain- 
c^gamc alkahs such as tetramethylammomum hydrox- LboxyUc adds include monocarboxTlic LiS such 

A^^^^^; *^ ^ * • ji • ^« ^ benzoic add, toluic add, cuminic add, hemellitic 

^'"y* ^^."S 20 mesitylenic add; polycarboxyUc a^ids such as 

smularly provided a pigment^dispersed color-filter ^u*i,^r^«« j • u*u r -^ ^ i^.i v , . , 
composition (to be refeii^to as^iird composition" F^"^"^.^/^^^^ isophthalic acid, terephth^c acid, trmid- 
hereinafter) comprising: }!^^ ^^'"^ mellophamc acid and pyromel- 

(AO a binder polymer P^^^^ hydratropic add, hydro- 

(B) a radiation-sensitive compound. 25 manddic add, phenylsucdnic acid, atro- 

(C) a pigment, cmnamic acid, methyl cinnamate, benzyl 
(P) an organic medium, and cinnamate, cinnamyHdeneacetic add, coumaric add 
(E) an organic carboxylic add having a molecular and unbdhc add. 

wdght of 1,000 or less and havmg at least one acid ™ ^^^^ preferred are ahphatic or aro- 

group in the molecule. 30 dicarboxylic acids such as malonic acid, citra- 

The above third composition is free of a remaining acid, iraconic add, mesaconic add, fiamaric add 

undissolved substance of this composition on a non- phthalic acid. 

pixel portion on a substrate when a color filter is ^^^^^ orgamc carboxylic adds may be used 

formed, and thus gives a color filter in which color ^ combination- 

pixels having excellent adhesion to a substrate are 35 The content of the above organic carboxylic add (E) 
evenly and uniformly formed on the substrate. ^ composition is preferably 0.001 to 10% by 

In the third composition, the binder polymer (AO, the weight, more preferably 0.01 to 1% by weight, 
radiation-sensitive compound (B) and the pigment (C) When the content of the organic carboxylic acid (E) 
can be selected from those described regarding the ^ 0.001% by weight, it may be impossible to 

second composition. 40 pi^vent the remaining of an undissolved substance on a 

It should be understood that the amounts of the radia- non-pixd portion on a substrate. When, it exceeds 10% 
tion-sensitive compound (B) and the pigment (C) based wdghi the adhesion between pixels and the sub- 
on the binder polymer (AO are the same as those de- strate may decrease. 

scribed regarding the second composition. The third composition of the present invention may 

In the third composition, the organic medium (D) is 45 ftirther contam oUier additives as required. Examples of 

selected fi*om those described regarding the First com- "other additives'* include a filler, other polymer 

position. compound, a surfactant, an adhesion promoter, an anti- 

Of those organic solvent, preferred are cellosolve oxidant, an ultraviolet light absorber and an aggregation 

acetates such as methoxyethyl acetate, ethoxyethyl preventer. 

acetate and ethylcellosolve acetate, carbitol acetate 50 The above "other" additives can be specifically se- 
type solvents such as methoxyethoxyethyl acetate and lected from those described regarding the first composi- 
ethoxyethoxyethyl acetate, ethers such as ethylene gly- tion. 

col dimethyl ether, diethylene glycol diethyl ether and The third composition of the present invention is a 
propylene glycol diethyl ether and esters such as methyl radiation-sensitive composition for forming a color fil- 
methoxypropionate, ethyl ethoxypropionate and ethyl 55 ter, and can form a color filter without causmg a re- 
lactate. maining of an undissolved substance on a non-pixel 

In the third composition, the amount of the organic portion on a substrate surface in development 
medium (D) per 100 parts by wdght of the binder poly- The color-filter radiation-sensitive composition of the 
mer (A*) is 100 to 10,000 parts by wdght, preferably 500 present invention is used for producmg a color filter by 
to 5,000 parts by wdght 60 forming a color pixel on a substrate, preferably on a 

The organic carboxylic acid (E) used in the third substrate having a light; shidding layer pattern thereon, 
composition has a molecular wd^t of 1,000 or less and by a photolithographic method When a pixel is formed 
has at least one add group in the molecule. Specifically, from the color-filter radiation-sensitive composition of 
the organic carboxylic add (E)is sdected from aliphatic the present invention, no undissolved substance of the 
carboxylic adds and phenyl group-containing carbox- 65 color-filter radiation-sensitive composition remains on a 
ylic adds. non-pixel portion, and the so-formed pixel, i-e., color 

Spedfic examples of the aliphatic carboxylic adds fiher is excellent in adhesion to the substrate or the light 
include monocarboxylic acids such as formic acid, shidding layer pattern. 
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The irixel formed from the third coii^)osmon of the -contmued 
present invention does not at all peel off a substrate. 



Further, the so-fonned color filter is excellent in trans- Azoisobotyionitriig i part 

nrittance and eontiaSt, and such color filters can be ^3«y«»« cnmiiatoi whb mcHacrytoyl avcrBge molecalir wdsfat 6m 

. . » . .. - suraixed by Taagosa Qttzxnca] Indctoies Co^ Isc) 

produced nrom the third composition of the present S 

invention at high yields. ^ . ^ ^ ^ The above materials were charged mto an autoclave 

In the present invention, when pixels are formed from equipped with a stirrer, stirred at room temperature 

the color-filter radiation-sensitive composition, it is until a homogeneous mixture was formed and then, the 

preferred to use an alkaline solution of sodium carbon- temperature was raised up to 80* C. Then, the mixture 

ate, sodium hydroxide, potassium hydroxide or tetra- 10 g^. ^ ^ horns, and then kept at 100* C 

methylammonium hydroxide as a developer solution. foj. 2 hours. The reaction mixture was cooled to room 

The present invention will be further detailed herein- temperature to give a polymer solution D. During the 

after by reference to Examples, in which stands for a^ove procedures, air was shut oEf the autoclave mte- 

"% by weight and "part" stands for "part by weight". nor with nitrogen, and the mixture was continuously 

SYNTHESIS EXAMPLE 1 stirred. The yield of a polymer in the polymer solution 

D was 98%. The polymer D had a weight average 
molecular weight of 65,000. 



EthylceDosolve acetate lOO parts cvxttottctc a x>mT it 1 

Methyl mcthacrylatc 25 parts aYNlHESlS JEXAMPLE 3 

^ SIT ^ polymer solution E was obtained in the same man- 

" ner as in Synthesis Example 2 except that the tempera- 

ture of 80* C. for ke^nng the mixture was changed to 
The above materials were charged into an autoclave 70' c. The yield of a polymer m the polymer solution E 
equipped with a stirrer, stirred at room temperature was 98%. The polymer E had a weight average molecu- 
until a homogeneous mixture was formed, and its tern- lar weight of 120,000. 
perature was increased up to 80* C. Then, the mixture 

was kept at 80* C. for 3 hours, and then kept at 100* C. SYNTHESIS EXAMPLE 4 

for 2 hours. The reaction mixture was cooled to room a polymer solution F was obtained in the same man- 
temperature to give a polymer solution A. During the ner as in Synthesis Example 2 except that the tempera- 
above procedures, air was shut off the inside of the ture of 80* C. for keeping the mixture was changed to 
autoclave with nitrogen, and the mixture was continu- 60* C. The yield of a polymer in the polymer solution F 
ously stirred. The yield of a polymer in the polymer was 98%. "Die polymer F had a weight average molecu- 
solution A was 98%. The polymer (to be referred to as lar weigiht of 270,000. 
"polymer A" hereinafter, and to be similarly named 3c 

heremafter) m die polymer solution A had a weight SYNTHESIS EXAMPLE 5 

average molecular weight as polystyrene (to be referred A polymer solution G was obtained in the same man- 
to as "weight average molecular weight" hereinafter) of ner as in Synthesis Example 2 except that the amount of 
53,000 (measured by GPC using HLC-802A supplied by azoisobutyronitrile was changed to 3 parts and that the 
Toso Corp.) 4Q temperature of 80* C for keeping the mixture was 

changed to 90* C. The yield of a polymer in the poly- 
mer solution G was 99%. The polymer G had a weight 



SSiTl^ZS^ »^ average molecular waght of 28,000. 

S'y.meu^uue 'l^ 45 SYNTHESIS EXAMPLE 6 

Asoisobntyronitnle 2 parts 



Toluene 1,000 parts 

Separatdy, the above materials were charged into an ^*«^yJ metiiacryiate 75 parts 

autoclave equipped with a stirrer, and a polymer solu- nS^mthium ^ ^ 

tion B was obtained in the same manner as in the proce- 50 — — — ^— — 
dures for obtaining tiie polymer solution A. The yield of 

a polymer in the polymer solution B was 99% or more. ^ mefliyl methacrylate/styrene block copolymer 
The polymer B has a weight average molecular weight synthesized by the use of the above materials ac- 

of 62,000. cording to a method described in a piece of literature 

Then, the polymer solution A and tiie polymer solu- 55 (C. W. Brown & L F. White, J. Appl. Polym. ScL, 16, 
tion B in equal amounts were mixed and kept at 100" C. 2671-2676, 1972), and then the ester group was hydro- 
for 12 hours witii stirring to promote a reaction between ^y^^' hydrolysis was controlled by adjusting tiie 
caitoxyl group of the polymer A and glycidyl group of hydrolysis treatment, and as a result, a polymer 

tiie polymer B, whereby a polymer solution C was « whose hydrolysis ratio was 38% was obtained. The 
obtained. The polymer C had a weight average molecu- «> P°!>^ ^ ^^^S^^ ^^f molecular weight of 

lar weight of 140 000. 130,000. 100 Parts of the polymer H was dissolved m 

200 parts of ethylcellosolve to obtain a polymer solution 
SYNTHESIS EXAMPLE 2 H. 

^3 SYNTHESIS EXAMPLE 7 

^^^IsryiBsc ^ ^ polymer solution I was obtained in the same man- 

Methacrylic add 30 parts ^ ^ Synthesis Example 2 except that 10 parts of 

M a c rom o nom er 20 pans methacrylic acid out of 30 parts of methacrylic add was 
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replaced with 10 parts of styrenesulfonic acid. The yield 
of a polymer in the polymer solution I was 97 The 
polymer I had a weight average molecular weight of 
53,000. 

EXAMPLE 1 



16 

EXAMPLE 4 



C L Pigment Blue IS 15 pans 

Pentasrythriiol triacrylate 20 parts 

Irgscure 184*^ 3 parts 
Polymer solction C obtained in Syniheas 

Example i 60 parts 

Bm-1000»3 2 parts 

Vinylmetfaoxysilane 3 parts 

EthylcellosQlve acetate 30O parts 



10 



15 



(•^: l«hydnaycyclDhexyi phenyl ketone, snppKsd by Obz Gugy,) 
(*^: Qcoxine-costainxng conianic sizTisct8iii, topphed by BM Chsime.) 

The above materials were placed in a ball mill with 3 
mm^ steel balls in it, and mixed and dispersed for 18 ^ 
hours. 

The resultant dispersion was filtered through a filter 
having a pore diameter of 10 ^ to give a dispersion of 
a composition of the present invention. 

When the dispersion of the composition was stored in 
a dark place at room temperature for 1 week, no pig- 
ment precipitated, no polymer precipitated, and there 
was no change in viscosity. The dispersion remained 
uniform. 

The above dispersion was coated on a glass substrate 
with a spin coater to form a dry coating having a thick- 
ness of 2 ;xxn, and dried at 80* C for 15 minutes to give 
a blue uniform coating. The so-formed coating was free 
of defects such as voids and roughened surface. 

Further, the coating was exposed to a high-pressure 
mercury lamp at a light energy of 300 mJ/cm^ through 
a photomask having a mask opening breadth of 10 to 
100 ^m for resolution evaluation, and developed with 40 
an aqueous solution containing 0.1% of tetramethylam- 
monium hydroxide. The coating was rinsed with water 
and dried at 180' C. for 60 minutes. 

The so-obtained pixel had a pattern formed of fine 
lines having a breadth of 10 to 100 ^m, and was free of 
coating defects such as pinholes and toughened coating. 
When observed through a microscope, it was found that 
there was no nonuniform breadth of lines of the pattern 
and that the line edges were sharp. Further, neither the 50 
pigment nor the organic coating remained on a non- 
pixel portion, and the pixel was suitable as a color filter. 
Table 1 shows the evaluation results. 
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30 



35 



A dispersion of a composition was obtained in the 
same manner as in Example 1 except that the polymer 
solution C was replaced with the polymer solution F 
obtained in Synthesis Example 4. Table 1 shows the 
evaluation results. 

EXAMPLES 

A dispersion of a composition was obtained in the 
same manner as in Example 1 except that the polymer 
solution C was replaced with the polymer solution G 
obtained in Synthesis Example 5. Table 1 shows the 
evaluation results. 

EXAMPLE 6 

A dispersion of a composition was obtained in the 
same manner as in Example 1 except that the pol>iner 
solution C was replaced with the polymer solution H 
obtained in Synthesis Example 6. Table 1 shows the 
evaluation results. 

EXAMPLE 7 

A dispersion of a composition was obtained in the 
same manner as in Example 1 except that the polymer 
solution C was replaced with the polymer solution I 
obtained in Synthesis Example 7. Table 1 shows the 
evaluation rescdts. 

EXAMPLES 

A dispersion of a pigment was obtained in the same 
manner as in Example 2 except that the C. L Pigment 
Blue 15 was replaced with C. I. Pigment Red 177. Table 
1 shows the evaluation results. 

EXAMPLES 

A dispersion of a pigment was obtained in the same 
manner as in Example 2 except that the C. I. Pigment 
Blue 15 was replaced with C L Pigment Green 36. 
Table I shows the evaluation results. 

COMPARATIVE SYNTHESIS EXAMPLE 1 
All.the materials used in Synthesis Example 1, i.e., 



Etfaylcdlosolve acetate 


200 parts 


Methyl mechacrylate 


55 parts 


Methacrylic add 


25 parts 


Styrene 


18 parts 


Glycxdyl methacrylate 


2pan5 


Azoisobctyrooitnle 


3 parts 



EXAMPLE 2 

A dispersion of a composition was obtained in the 
same manner as in Example 1 except that the polymer 
solution C was replaced with the polymer solution D 
obtained in Synthesis Example 2. Table 1 shows the 
evaluation results. 



55 



60 



EXAMPLES 

A dispersion of a composition was obtained in the 
same manner as in Example 1 except that the polymer 55 
solution C was replaced with the polymer solution E 
obtained in Synthesis Example 3. Table 1 shows the 
evaluation results. 



were charged mto an autoclave equipped with a stirrer, 
stirred at room teznperature until a uniform mixture was 
formed and thereafter, the temperature was increased 
up to 80* C. Then, the mixture was kept at 80* C. for 3 
hours, and then kept at 100' C. for 2 hours. The reaction 
mixture was cooled to room temperature to give a poly- 
mer solution a. The yield of a polymer in the polymer 
solution was 99% or more. The polymer a had a weight 
average molecular weight of 92,000. 

COMPARATIVE EXAMPLE 1 

A dispersion of a composition was obtained in the 
same manner as in Example 1 except that the polymer 
solution C was replaced with the polymer solution a 
obtained in Comparative Synthesis Example 1. 
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*^ A dcvdc^naait dxne of at least 30 seoocds was available for proraiins an oyi iiuum devdopmau trtt tr 
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EXAMPLE 10 

A light shielding layer having a desired form was 
fonned on a soda glass substrate surface on which an ^ 
SiOi film had been formed for preventing sodium ion 
elution. Then, a color-filter radiation-sensitive composi- 
tion shown in Table 2 was coated on the light shielding 
layer with a spin coater to form a desired coating thick- 
ness of 1.5 jxm, and the so-formed coating was prebaked 25 
at 80* C for 10 minutes to obtain a dry coating. 

TABLE 2 

Componsd part 

Pigment CI Pigment Red 177 90 30 

Binder Benzyl methacryiaie/methacrylic acid/styrene SO 
copolymer (compoaticnal weight ratio 
65/25/10, weight average molecular weight 
40,000) 

Radiation- Trimethylolpropane triacrylate (M-309, 40 
sensitive supplied by Toagosei Chemical Industries Co., 35 
compound Inc.) 

I-Hydrozycyclohexyl phenyl ketone 24 

(1-184. supplied by Japan Ciba Gdgy) 
Organic Ethyl 3-etfaoxyproimnute 796 
solvent (boDing pomt; 170.1* C, 

vapor pressure; 1.5 mmHg) ^ 

The above-obtained dry coating was measured with a 
tracer-method film thickness measuring apparatus (al- 
pha-step 100, supplied by TENCOR) to show the fol- 
lowing. The coating thickness was 1.45 to 1.50 ftm, or 45 
the in-plane thickness variation of the coating (in-plane 
thickness difference) was 0.05 /xm or less, and the coat- 
ing surface roughness (unevenness) was about lOOA. 
The dry coating was excellent in transparency. Further, 
the dry coating had no striation. 50 

Then, the dry coating was exposed to ultraviolet light 
at 400 mj/cm^ from a high pressure mercury lamp 
through a photomask, and developed by immersing the 
dry coating in an aqueous solution containing 0.05% of 
sodium carbonate to give red pixels having a size of 100 55 
pLxnX 100 yum each. 

The so-formed color pixels were observed through a 
differential polarization microscope to show high sur- 
face smoothness and hence, they were desirable for a 
color filter. 60 

CX)MPARATIVE EXAMPLE 2 

A dry coating was formed in the same manner as in 
Example 10 except that the organic solvent was re- 
placed with diethylene glycol monoethyl ether (boiling 65 
point 202** C, vapor pressure 0.13 mmHg). That is, the 
radiation-sensitive composition shown in Table 3 was 
used. 



TABLE 3 






pan 


Pigment 


CL Pigment Red 177 


90 


Binder 


Benzyl methacrylate/mcthacrylic acid/styrene 


SO 




copolymer (compositional weight ratio 






65/25/1 0, weight average molecular wei^t 






40^ 




Radiation- 


Trimethylolpropane triacrylate ^-309, 


40 


sensidve 


supplied by Toagosei Chemical Industries Co, 




compound 


Inc.) 






l-Hydroxycydohex^ phenji ketone 


24 




(1-184, suppHed by Japan Qba Geigy) 




Organic 


Diethylene glycol monoethyl ether 


796 


solvent 







The dry coating was measured in the same manner as 
in Example 10 to show the following. The coating 
thickness was 1.42 to 1.60 jiun, or the in-plane thickness 
variation of the coating was 0.18 ^jjn, and the coating 
surface roughness (unevenness) was about 500A. The 
dry coating was not transparent 

The dry coating was also exposed in the same manner 
as in Example 10 to obt^ red pixels having a size of 100 
jxmX 100 /un each. 

The so-formed color pixels were observed through a 
differential polarization microscope to show that they 
did not have high surface smoothness and hence, they 
were undesirable for a color filter. 

COMPARATIVE EXAMPLE 3 

A dry coating was formed in the same manner as in 
Example 10 except that the organic solvent was re- 
placed with methyl ethyl ketone (boiling point 79.6' C, 
vapor pressure 71.2 mmHg). That is, the radiation-sensi- 
tive composition shown in Table 4 was used. 



TABLE 4 




Compound 


part 


Pigment 


CL Pigment Red 177 


90 


Binder 


Benzyl methacryiaie/methacrylic acid/styrene 


50 




copolymer (compcsitiona} weight ratio 






65/25/10, weight average molecular weight 






40,0X) 




Radiation- 


Trimethylolpropane triacrylate (M-309, 


40 


sensitive 


supplied by Toagosei Chemical Industries Co., 






Inc.) 






l-Hydroxycydohezyl phenyl ketone 


24 




0-184, sni^lied by Japan Ciba Geigy) 




Organic 


Methyl ethyl ketone 


796 


solvent 







The dry coating was measured in the same manner as 
in Example 10 to show the following. The coating 
thickness was 1.26 to 1.61 fim, or the in-plane thickness 
variation of the coating was 0.35 /xm, and the ^coating 
surface roughness (unevenness) was about 600A. 

The dry coating was not transparent Further, the dry 
coating had striation. 



90 30 
50 



40 

24 
796 



35 
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The dry coating was also exposed in the same manner 
as in Example 10 to obtain red pixels having a size of 100 
jLunX 100 pjn each. 

The so-formed color pixels were observed through a 
differential polarization microscope to show that they 5 
did not have high surface smoothness and hence, they 
were undesirable for a color filter. 

EXAMPLE 11 

A dry coating was formed in the same manner as in 10 
Example 10 except that the organic solvent was re- 
placed with propylene glycol monomethyl ether (boD- 
ing point 140' vapor pressure 3.5 mmHg). That is, 
the radiation-sensitive composition shown in Table S 
was used. IS 
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TABLES 




Compound 


part 


Pigment 


CL Pigment Blue 15 


90 


Binder 


Benzyl metfaacrylate/metfaacrylic add/styrene 


50 




copolymer (compositions] weight ratio 






65/25/10, weight average molecular wd^ 






4aooo) 




RadiatioiH 


Trimethylolpropane triacr>1ate (M-309, 


40 


sensiiive 


supplied by Toagosd Chemica] Industries Co., 






Inc.) 






l-HydroKycydohexyl phenyl ketone 


24 




(I-184» supplied by Japan Oba Gdgy) 




Organic 


Propylene glycol monomethyl ether acetate 


796 


solvent 
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The dry coating was measured in the same mamier as 
in Example 10 to show the following. The coating 
thickness was 1.50 to 1.59 fun, or the in-plane thickness 
variation of the coating was 0.09 ;im or less, and the 
coating surface roughness (unevenness) was about 
200A. 

The dry coating was excellent in transparency, and 
had no striation. 

Then, the dry coating was also exposed in the same 
manner as in Example 10 to obtain red pixels having a 
size of 100 ftmX IQO jttm each. 

The so-formed color pixels were observed through a 
differential polarization microscope to show that they 
had high surface smoothness and hence, they were 
desirable for a color filter. 

COMPARATIVE EXAMPLE 4 

A dry coating was obtained in the same maimer as in 
Example 10 except that the color-filter radiation-sensi- 
tive composition was replaced with a color-filter radia- 
tion-sensitive composition shown in Table 7. 

TABLE 7 



Compound 



part 



The dry coating was measured in the same manner as 
in Example 10 to show the following. The coating 
thickness was 1.50 to 1.59 jxm, or the in-plane thickness 
variation of the coating was 0.09 iim or less, and the 
coating surface roughness (unevenness) was about 
200A. 

The dry coating was excellent in transparency, and 
had no striation. 

Then, the dry coating was also exposed in the same 
manner as in Example 10 to obtain blue pixels having a 
size of 100 funXlOO ym each. 

The so-formed color pixels were observed through a 
differentia] polarization microscope to show that they 
had high surface smoothness and hence, they were 
desirable for a color filter. 

EXAMPLE 12 

A dry coating was obtained in the same manner as in 
Example 10 except that the color-filter radiation-sensi- 
tive composition was replaced with a color-filter radia- 
tion-sensitive composition shown in Table 6. 

TABLE 6 



25 Pigment CL Pigment Green 7 

Binder Benzyl methacrylate/metbacryiic add/poly- 
styrene macromonomcr copolymer 
^)61ystyrcnc macromonomcr: AS-6. supplied 
by Toagosd Chemical Industries Co.> Ltd.) 
(compositiona] wdght ratio 6S/25/IO» 
wdght average molecular wdght 4O,00C0 
Radiation- Trimethylolpropane triacrylate 
sensitive (Biscoat 295, sopptied by Osaka Organic 
componnd. Chemical Industry Ltd) 

2-Benzy]'2'dimethylamino-H4- 
morpholionopheny])*butan-l-one (I-369> 
supplied by Japan Oba Gdgy) 
Organic Diethylcne glycol dimethyl ether 
solvent (boiling point; 159.8* C. 

vapOT pressure 3.4 mmHg) 
n-bntyl caibitol acetate 
(boiling point; 246.8* C, 
4Q vapor pressure 0.1 mmHg or less) 



30 



35 



90 
50 



40 



24 



316 



474 



45 



50 



Compound 



part 



Pigment 


CL Pigment Red 177 


90 


Binder 


Benzyl methacrylate/methacrylic acid/styrene 
copolymer (compositiGnal weight ratio 
65/25/10, wetgltt average mnlrrailar wdglbt 
40,000) 


50 


Radiation- 


Dipentaerytfaritol pentaacrylate (M-400, 


40 


sensitive 


supplied by Toagosd Chemical Industries Co., 




compound 


Inc.) 






2-Ben2yl-2*dimethylamino-l •<4- 


24 




morpholionophenyI)-butan>I-one 






(1-369, supplied by Japan Oba Geigy) 




Organic 


Diethylene glycol dimethyl ether 


710 


solvent 


(boiling point; 159.8* C. 
vapor pressure 3.4 mmHg) 






Caibitol acetate 


86 




(boSing pdnt; 217.4* C, 






vapor pressure 0.1 mmHg) 
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60 



65 



The dry coating obtained in the same manner as in 
Example 10 was not fully dried when prebaked at 80° C. 
for 10 minutes, and tackiness (stickiness on coating sxir- 
face) was observed. Therefore, the coating was pre- 
baked at 90* C. for 10 minutes to obtain a dry coating. 
The coating thickness was 1.32 to 1.50 ftm, or the in- 
plane thickness variation of the coating was 0.18 paa or 
less, and the coating surface roughness (unevenness) 
was about 400A« 

The coating was not transparent, and had striation. 

The dry coating was exposed in the same mamier as 
in Example 10 to obtain green pixels having a size of 100 
fun X 100 fun each. 

The so-formed pixels were observed through a differ- 
ential polarization microscope to show that they did not 
have high surface smoothness and hence, they were 
undesirable for a color mter. 

EXAMPLE 13 

A dry coating was obtained in the same manner as in 
Example 10 except that the color-filter radiation-sensi- 
tive composition was replaced with a color-Hlter radia- 
tion-sensitive composition shown in Table 8. 

TABLE 8 



Compound 



part 



Figment CI Kgment Green 7 



90 



21 

TABLE S-continaed 
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pan 



Ben^l mediscrylaie/inethacryiic add/poly- SO 
styrene macromonanier copolymer 
(polystyrene maeromono m &i: AS-6, snpplied 
by Toagosei Chcmicai Industries Co, Lid.) 
(coaposhiaoa] waght ratio 6S/25/l(i 
wcigiit average mnlrmlar weight 40,000) 
RadiatioD- Trimetfaylolpropans triacr^iate 40 
sensitive (Biscoat 295, supplied by Osaka Organic 
Ofimponnd . Chemical Industry Ltd) 

2-Benzyl-2-dimstiiyiamxiio-H4- 24 
moiphoKonopheDyl)-bataii-l-oite 
supplied by J^iaii Gba Gdgy) 
Organic Diedij^ene glycol dimetfa)^ etber 570 
solvent (boiling point; 159.8* 

vapor pressure 3.4 imnHg) 

n-Butylcarbiu>l acetate 220 
(boiling point; 246.8' C, 
vapor pressure 0.1 mmHg or less) 



Then, the dry coating was also exposed in the same 
maimer as in Example 10 to obtain green pixels having 
a size of 100 100 ;im each. 

The so-formed color pixels were observed through a 
5 differential polarization microscope to show that they 
had high surface smoothness and hence, they were 
desirable for a color filter. 

COMPARATIVE EXAMPLE 5 

10 A dry coating was obtained in the same manner as in 
Example 10 except that the color-filter radiation-sensi- 
tive composition-was replaced with a color-filter radia* 
tion-sensitive composition shown in Table 10. 

TABLE 10 



IS 



The dry coating was measured in the same manner as 20 
in Example 10 to show the following. The coating 
thickness was 1.47 to 1.S3 /im, or the in-plane thickness 
variation of the coating was 0.06 fLm or less, and the 
coating surface roughness (unevenness) was about 
200A* 25 

The dry coating was excellent in transparency, and 
had no striation. 

Then, the dry coatmg was also exposed in the same 
manner as in Example 10 to obtain green pixels having 
a size of 100 fimX 100^ each. 30 

The so-formed color pixels were observed through a 
differential polarization microscope to show that they 
had high surface smoothness and hence, they were 
desirable for a color filter. 

EXAMPLE 14 

A dry coating was obtained in the same manner as in 
Example 10 except that the color-filter radiation-sensi* 
tive composition was replaced with a color-filter radia- 
tion-sensitive composition shown in Table 9. 40 

TABLE 9 



Compound 



part 



Pigment 


CL Pigment Green 7 


90 


Binder 


Benzyl metfaacrylate/metfaaerylic add/poly* 
styrene macromonomer copolymer 

(polystyrene macromonomer supplied 
by Toagosei Chemical Industries Co., I^) 
(compositional weight ratio 65/25/lOt 
weight average molecular weight 40^000) 


SO 


Radiation* 


Trimethylolpropane triacrylate 


40 


sensitive 


(Biscoat 295, siq>piied by Osaka Organic 




compound 


Oiemical Industry Ltd) 






2-Benzyl-2-dimetfaylamino-H4- 


24 




moipholionophenyl)-biitan-l-one (1-369, 






supplied by Japan Ciba Geigy) 




Organic 


Diethylene glycol dxmeth}i ether 


570 


solvent 


(boiling point; 159.8' 
vapOT ptessuie 3.4 mmHg} 






Methyl ethyl ketone 


220 




(boiling point; 79.6* C, 






vapor pressure 71.2 mmHg) 





50 



55 



60 

The dry coating was measured in the same manner as 
in Example 10 to show the following. The coating 
thickness was 1.62 to 1.69 /im, or the in-plane thickness 
variation of the coating was 0.10 iim or less, and the 
coating surface roughness (unevenness) was about 65 
200A. 

The dry coating was excellent in transparency, and 
had no striation. 



Compound • 



part 



ion* 
sensitive 
compound 



Organic 
solvent 



CL Pigment Green 7 

Benzyl methacrylate/methacrylic acid/poly- 
styrene macromonomer copolymer 
(polystyrene macromonomer AS*6, snpplied 
by Toagosei Chemical Indostries Co. Lid.) 
(compositional weight ratio 65/25/10, 
weight average molecular weight 40,000) 
Trimethylolpropane triacrylate 
(Biscoat 295, supplied by Osaka Organic 
Chemical Industry Ltd) 
2*BenzyI-2-dimethy lamino* 1 ■(4* 
morpholionophenyl>batan-l-one (1-369. 
supplied by Japan Cfba Gdgy) 
Diethylene glycd (fimethyl ^er 
(boiling point; 159.8* C, 
vapor pressure 3.4 mmHg) 
Methyl ethyl ketone 
(boiling point; 79.6* C, 
vapor pressure 71.2 mnHg) 



90 
50 



40 



24 



316 



474 



The dry coating was measured in the same manner as 
in Example 10 to show, the following. The coating 
thickness was 1.68 to 1.98 ftm, or the in-plane thickness 
variation of the coating was 0.30 pm, and the coating 
surface roughness (unevenness) was about 4(X)A. 

The coating was not transparent, and had striation. 

The dry coating was exposed in the same manner as 
in Example 10 to obtain green pixels having a size of 100 
p,mXl00 fun each. 

The so-formed pixels were observed through a differ- 
ential polarization microscope to show that they did not 
have high surface smoothness and hence, they were 
undesirable for a color filter. 

EXAMPLE 15 

A light shielding layer having a desired form was 
formed on a soda glass substrate surface on which an 
Si02 film had been formed for preventing sodium ion 
elution. Then, a color-filter radiation-sensitive composi- 
tion shown in Table 1 1 was coated on the light shielding 
layer with a spin coater to form a desired coating thick- 
ness, and the so-formed coating was dried at 80* C. for 
10 minutes, and then cooled. Then, the so-formed color 
filter layer was exposed to ultraviolet light at 400 
mj/cm^ from a high pressure mercury lamp through a 
photomask, and developed by immersing die substrate 
in an aqueous solution containing 0.05% of sodium 
carbonate to give red pixels having a size of 20 funx20 
lim each. 

TABLE 11 



Compound 



part 



Pigment CX Figment Red 177 90 
Bolder Benzyl mediacrylate/medkacr^c acid/styrene SO 
copolymer (composidonal weight rado 
65/25/10, average molecular weight Mw 



23 

TABLE ll-continued 
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TABLE 13-contiiiued 



Compound 



part 



Compound 



Radiatiox}- 

sensitive 

coaipossd 



Solvent 
Otigsnic 
add 



40000) 

Trimethylolpropane tiiacrylate 
(M-309, supplied by Toagosd Cbemical 
Industries Co^ Inc.) 
1-Hydroxycyclohexy! phenyl ketone 
(1-184, supplied by Japan Ciba Gdgy) 
Etliylcdlosolve acetate 
Oxafic acid 



pait 



40 



24 



790 
6 



caibozylic 
acid 



10 



The so-formed color pixels gave a color filter in 
which no undissolved substance remained in a non-pixel 
portion on the substrate. 

The same color-filter radiation-sensitive composition 
as the above color-filter radiation-sensitive composition 
was allowed to stand at room temperature for 3 days, 
and then red pixels were formed in the same manner as 
above and developed by immersing the substrate in an 
aqueous solution containing 0.05% of sodium carbonate 
to give a color filter in which no undissolved substance 
remained in a non-pixel portion on the substrate. 

COMPARATIVE EXAMPLE 6 

Red pixels were formed in the same manner as in 
Example 15 except that the color-filter radiation-sensi- 
tive composition was replaced with a color-filter radia- 
tion-sensitive composition shown in Table 12, 



The above-formed color pixels gave a color filter in 
which no undissolved substance remained in a non-pixel 
portion on the substrate. 

Further, after the same color-filter radiation-sensitive 
composition as the above color-filter radiation-sensitive 
composition was allowed to stand at room temperature 
for 3 days in tile same manner as in Example 15, it gave 
a color filter in which no undissolved substance re- 
mained in a non-pixel portion on the substrate. 

COMPARATIVE EXAMPLE 7 

An attempt was made to form blue pixels in the same 
manner as in Example 15 except that the color-filter 
^ radiation-sensitive composition was replaced with a 
color-filter radiation-sensitive composition shown in 
Table 14. 



15 



25 



TABLE 12 




Compound 


part 


Figment 


CI. Pigment Red 177 


90 


Binder 


Benzyl methacrylate/methacrylic acid/styrene 


SO 




copolymer (compositional weight ratio 






65/25/10, average molecular weight Mw 






40,000) 




Radiation- 


Trimetbylolpropane tiiacrylate 


40 


sensitive 


(M-309, supplied by Toagosei Chemical 




compound 


Industries Co., Inc.) 






I-Hydroxycydohes^yl phenyl ketone 


20 




(1-184, SDpplied by Japan Qba Cetgy) 




Solvent 


Ethyloellosolve acetate 


796 



In the above-formed color pixels, an undissolved 
substance was formed in a non-pixel portion on the 
substrate. 

When the concentration of sodium carbonate was 
increased to 0.5% the undissolved portion decreased in 
amount, but the formed pixels partly peeled off and the 
sharpness of the pixel edges declined. 

EXAMPLE 16 

Blue pixels were formed in the same manner as in 
Example IS except that the color-filter radiation-sensi- 
tive composition was replaced with a color-filter radia- 
tion-sensitive composition shown in Table 13. 

TABLE 13 



SO 



55 



Compound 



part 



Pigment 
Binder 



Radiation- 
sensitive 
compound 



Solvent 
Organic 



CL Pigment Blue 15 

Benzyl methacryhte/methacryUc add/styrene 
copolymer (compositional weight ratio 
65/25/10, average molecular weight Mw 
40,000) 

Dipentaerythritol pentaacrylate 
(M-400, supplied by Toagosei C3iemical 
Industries Co., Inc.) 
2,2-r>imethoxy-2-phenylaoetaphenone 
(1-651 supplied by Japan Ciba Geigy) 
Diethylene glycol dimethyl ether 
Itacontcadd 



90 
SO 



40 



20 

790 
6 



65 



30 



35 



TABLE 14 




Compound 


part 


Pigment 


CL Pigment Blue 15 


90 


Binder 


Benzyl methacrylate/methacrylic acid/styrene 


50 




copolymer (compositiona] we^t ratio 






65/25/10, avenge molecular weight 






Mw 40,000) 




Radiation'- 


Dipcntaerythritol pentaacrylate 


40 


sensitive 


(M-400, supplied by Toagosei Chemical 




compound 


Industries Co., Inc.) 






2,2-Dimethoxy-2-phenylacetophenone 


24 




(1-65 1 supplied by Japan Ciba Geigy) 




Solvent 


Diethylene glycol dimethyl ether 


646 


Orgamc 


Itaconicadd 


450 


carboxylie 






acid 







The above color-filter radiation-sensitive composi- 
te tion contained a large amount, as large as 15% by 
weight, of iraconic acid (organic carboxylic acid). 
Therefore, when a dry coating was developed with a 
sodium carbonate aqueous solution, both the pixel por- 
tion and the non-pixel portion were dissolved away in 
t^ the sodium carbonate aqueous solution, and no pixels 
were formed. 

Even when the concentration of sodium carbonate in 
an aqueous solution was decreased to 0.001%, there was 
no change in the result. 



EXAMPLE 17 

Green pixels were formed in the same manner as in 
Example 15 except that the color-filter radiation-sensi- 
tive composition was replaced with a color-filter radia- 
tion-sensitive composition shown in Table 15. 

TABLE 15 



Compound 



part 



60 Bmder 



Radiation- 
sensitive 
compound 

Solvent 
Organic 



CL Pigment Green 7 

Benzyl methacrylate/methacrylic add/styrene 
copolymer (compositional weight ratio 
65/25/10, average molecular weight Mw 
40.000) 

Trimetbylolpropane triacrylate 
(Biscoat 295, supplied by Osaka Organic 
Chrmical Industry Ltd) 
2,2-Dinwtfaoxy-2-phenyIacetophenone 
(1-651 supplied by Japan Qba Geigy) 
Diethylene glycol dimethyl ether 
Phthalicadd 



90 
50 



40 



24 

793 
3 



25 

TABLE IS^ontmned 
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ConpouDd 



part 



carboxyUc 
add 



The above-formed color pixels gave a color filter in 
which no undissolved substance remained in a non-pixel 
portion on the substrate. 

Further, after the same color-filter radiation-sensitive 
composition as the above color-filter radiation-sensitive 
composition was allowed to stand at room temperature 
for 3 days in the same manner as m Example 15, it gave 
a color filter in which no undissolved substance re- 
mained in a non-pixel portion on the substrate. 

EXAMPLE 18 

Red pixels were formed in the same manner as in 
Example IS except that the color-filter radiation-sensi- 
tive composition was replaced with a color-filter radia- 
tion-sensitive composition shown in Table 16. 

TABLE 16 



Compound 



part 



Pigmeot 


CI. Pigment Red 177 


90 


Binder 


Methacrylate/methacryiic add/styxene 
copolymer (composittonal wdght ratio 
65/25/10, average molecular weight Mw 
40,000) 


50 


Radiadon- 
sensitive 


Trimethylolpropane triacrylate 
(M-309, supplied by Toagosd Chemical 


40 


compound 


Industries Co., Inc.) 






l-Hydroxycyclohexyl phenyl ketone 


24 




(1-184 supplied by Japan Ciba Geigy) 




Solvent 


EtbylceUosolve acetate 


790 


Organic 


Mabnicadd 


6 


carboxylic 






add 







The above-formed color pixels gave a color filter in 
which no undissolved substance remained in a non-pixel 
portion on the substrate. 

Further, after the same color-filter radiation-sensitive 
composition as the above color-filter radiation-sensitive 
con^)0$ition was allowed to stand at room temperature 
for 3 days in the same manner as in Example IS, it gave 
a color filter in which no undissolved substance re- 
mained in a non-pixel portion on the substrate. 

EXAMPLE 19 

Green pixels were formed in the same manner as in 
Example 15 except that the color-filter radiation-sensi- 
tive composition was replaced with a color-filter radia- 
tion-sensidve composition shown in Table 17. 

TABLE 17 



Compound 



part 



Pigment 


CL Pigment Green 7 


90 


Binder 


Benzyl methaciylate/metfaacrylic add/poly- 
styrene macromonomer (compositional wdght 
ratio 65/25/10, average molecular wdght Mw 
40,000) 


50 


Radiation- 


Trimethylolpropane triacrylate 


40 


sensitive 


(Biscoat 295, supplied by Osaka Organic 




compound 


Chemical Industry Ltd) 






2-Benzyi-2-dimethylamino-l-<4- 


24 




moipholinophenyl-butaa-1 -one 






(1-369 supplied by Japan. Ciha Gdgy) 




Solvent 


Diethylene glycol dimethyl ether 


790 


Orgamc 


Gtraconic add 


6 


carboxylic 






add 
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45 
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55 



60 
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The above-formed color pixels gave a color filter in 
which no undissolved substance remanxed in a non-pixel 
portion on the substrate. 

Further, after the same color-filter radiation-sensitive 
composition as the above color-filter radiation-sensitive 
composition was allowed to stand at room temperature 
for 3 days in the same manner as in Example 15, it gave 
a color filter in which no undissolved substance re- 
mained in a non-pixd portion on the substrate. 

EXAMPLE 20 

Green pixels were formed in the same manner as in 
Example 15 except that the color-filter radiation-sensi- 
tive composition was replaced with a color-filter radia- 
tion-sensitive composition shown in Table 18. 

TABLE 18 



Compound 



part 



Pigment 


CI. Pigment Green 7 


90 


ffinder 


Methacrylate/methacryiic acid/poly- 


SO 




styrene macromonomer (compositional weight 






xsdo 65/25/10. average molecular weighs Mw 






4a000) 




Radiation- 


Trimethylolpropane ttiacrybte 


40 


sensitive 


(Biscoat 295, supplied by Osaka Organic 






Chemical Industry Ltd) 






2-Bcn2yl-2-dimethylaniino- 1 -(4- 


24 




morpholinophenyl-butan- 1 -one 






(1-369 supplied by Japan Ciba Gdgy) 




Solvent 


Methylene glycol dimethyl ether 


790 


Organic 


Citraconic a^ 


3 


carboxylic 


Mesaoonic acid 


3 


add 







The above-formed color pixels gave a color filter in 
which no undissolved substance remained in a non*pixel 
portion on the substrate. 

Further, after the same color-filter radiation-sensitive 
composition as the above color-filter radiation-sensitive 
composition was allowed to stand at room temperature 
for 3 days in the same manner as in Example IS, it gave 
a color filter in which no undissolved substance re- 
mained m a non-pixel portion on the substrate. 

What is claimed is: 

1. A pigment-dispersed color-filter composition com- 
prising an admixture of: 

(A) an alkali-soluble block copolymer composed of a 
block having an acid group and a block having no 
acid group; 

(B) a radiation-sensitive compound, 
(CT) a pigment, 

(D) an organic medium, and 

(£) an aliphatic or aromatic dicarboxylic acid having 
a molecular weight of 1,0(X) or less, 

2. The composition of claim 1, wherein the radiation- 
sensitive con^und (B) is selected from the group con- 
sisting of a polymerization initiator which generates 
radicals under irradiation with radiation and is selected 
from a carbonium compound, an azo compound, an 
azide compound, an organic sulfur compound, a perox- 
ide compound and a trihalomethane compound, and a 
photo-crosslinking agent having at least two functional 
groiq)s which generate carbene or nitxene under irradia- 
tion with radiation. 

3. The composition of claim 1, wherein the organic 
medium (D) is selected from the group consisting of 
ethyl lactate, methyl 3-methoxypropionate, ethyl 3- 
ethoxypropionate, ethyl 2-ethoxypropionate, m^yl- 
cellosolve acetate, ethylcellosolve acetate, diethylene 
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27 28 

glycol dimethyl ether, diethylene glycol diethyl ether conasting of malonic add, dtraconic add, itaconic 

_ J 1 . 1 _, _u 1 »!. . *cid, m esaco a i c add, fumaiic acid and phthalic add. 

and propylene glycol monomethyl ether acetate. ^he composition of claim I. wh^^ein the alkali- 

4. The composiaon of claim 1, wherein the organic soluble block copolymer is a copolymer derived from 
medium is present in an amount of at least 50% by >vt 5 benzyl methacrylate, methacrylic acid and polyst^Tene 
of the composition. macromonomer, or a copolymer derived from methyl 

methacrylate, methacrylic add and polystyrene mac- 

5. The composition of clami 1, wherem the ahphatic romonomer. 

or aromatic dicarboxylic add is selected from the group ***** 

10 
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(54) CompositiQn for bkick n^x, fonnation of black n^trix and arfide provided 
matrix 

(57) A compositk)n for a tiiack matrix is disclosed. 
The composition is composed of a black pigment and a 
binder for the pigment The black pigment is a com- 
pound-oxide black pigment, which comprises at least 
two metal oxides and has a spinel or inva^e-spinel 
crystalline structure Also discloses are a process for 
the fomiatk)n of a black matrix from the composition and 
anartk^le provided with a black matrix so formed. 
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^ Description 
BACKGROUND OF T^E INVENTION 
5 a) Reid of the Irventicxi 

This invention relates to a back-pignient-oontaining composition for the formation of a fight-shiekfing black matrix 
on a liquid crystal (LC) display useful in a home or office im^e-receiving equipment such as a television or visual tel- 
ephone, a video camera, a personal oxnputer, an office equipment such as a 

10 automation equipment an automated store control equipment or a measuring equipment a color filter of an image pick- 
up device or a cfisplay panel of a luminescent fufl color or monochrome flat-panel dsplay; a process for the formation 
of a tkack matrix; and an article provided with the t>lack matrix. 

More specffically. the present invention is concerned with a composition containing a biackpigment and suitable for 
use in forming a black matrix on a filter substrate or a display panel of an LC display, a plasma address L£. a plasma 

IS display, a fluorescent display, a LED display, a CRTcofor cfisplay or an LC projector, said composition using as the black 
pigment a compound-Godde Uack pigment having excellent properties such as coloring power and fight shielding prop- 
erty and superb fastness such as ultraviolet ray resistance, electron beam resistance, fight resistance and heat resist- 
ance; a process for the formation of a black matrix by using the composition; and an article prmided with the Uack 
matrix. 

20 

b) Description of the Related Art 

InanLCoolorcispiayorthe iika it has heretofore been the practice to form, on a glass substrate fbr^ 
a pixel pattern of three primary colors of a red color (hereinafter called "R"), a green color (hereinafter called "G") and 

25 a blue color (hereinafter called "B*^ in the fomi of a mosaic, stripe or the like for the dispersion of light which has been 
transiTvtted from afluore^^nt lanrp as a back-light Oight source), into spectra, so that white light from the fkiorescent 
lamp is transnitted through the color filer and d i strfouted into R. Gand B lights and a image is displayed in full color by 
these distrfoutad a Gand B lights. 

In the case of a full cdor display panel for a lunnnescem flat panel display, a pixel p 

30 light-emitting elements 6 also formed on a rear glass substrata of the display panel. By lights knitted t>y phosphors of 
the ttvee prirtBry colors of R, G and B exited t>y ultraviolet rays. Fights emitted by light-emitting diodes of ttie three pri- 
mary colors of R. Gand B or fights emitted by discharge gazes, an image is displayed in full color. 

The rnethod nfiaWng use of a color fiter having pixels of the three pr^ 
not avoid rrutual overiapping of color fights from adjacent pixels in the odor fitter and hence mixing of R, G and B oofor 

35 lights, resulting in a deterioration in the separation of cotor fights by the ^ 

of R, G arid B pixels dorie inevitably resuHs in a display panel which can produce only 
vividness. 

In the case of an LC color display or the like, it has been attenpted to overcome the above problem by surrounding 
R. G and B pixels, which are fonned on a glass substrate of a cola fiher, with a b^ 

40 Proposed as methods for the fonnation of a black matrix include (1) deposition of a metal such as chromium, (2) 
dyeing with a black dye. (3) printing with a printing ink containing caitxxi black, a dye mixed to present a black color, or 
the fike. (4) photolithography maMng use of a photosensitive Uack resin composition. 

The metfxxl (1) is aocarnpa n ied with the drawt)aclG that it requires high cost, involves complex steps and cannot 
achieve an irrprovement in productivity, and requires large facilities and the like and hence high initial investment The 

45 method (2) requires mixing of two or three dyes to attain dyeing in a black color because there is n^ 

upon dyeing in a Uack color. Accordingly, this method cannot provide a Uack matrix having a Uack odor of sufficient 
density or. even if such a Uack matrix is provided. Hs color is uneven. If a sut)strate on which a Uack matrix is formed 
is subjected to high-temperature treatment the Uack nriatrix involves proUems in physical properties such as heat 
resistance and fight fastness. The method (2) therefore has not found commercial utility. As to the printing making use 

so of a Uack pigment as the method (3) and the lithography making use of a photosensitive resin as tiie method (4), use 
of cartxyi Uack as the Uack pigment involves proUems such as reduced light shielding property due to insufficient ds- 
perston of carbon Uack in a Uack-matrix-forming composition, electrical conductivity Inherent to carbon Uack and, 
where the content of cartx>n t)lack is high, insufficient photocuring of a Uack-matrix-fomrBng composition. 

Further, Uack iron oxide as a Uack pignrtent is a material which is also called "magnenite". As this material has 

55 magnetic properties, particles of Uack iron oxkle tend to coagulate in a dispersfon medium due to their magnetic prop- 
erties. Upon preparation of a cornposition for the fbrniation of a Uack matrix^ even 
when dispersed, ttie pigment has tendency to undergo premature coagulation. The Uack-matrix-forming composition 
so obtained therefore is accompanied with drawbacks such that it has inferior long^emi dtepersion staUlity, its cotoring 
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" power is low. rts pigment has inferior stability to oxidation by air. and a black matrix formed from the composflion are 
gradually lowered in blackness and their color changes to a brownish color. 

Consideririg specifically a black matrix to be fornfted on a cok)r 
tion of the Wack matrix includes a high-tenperature baking step so that conventional black dyes, mixed dyes of black 

5 ootor. orgaric t)lack pigments, cartxxi black and the like cannot be used for the formation of the black matrix Further. 
Uack iron oodde as a black pigment when cakaned at high temperatures, changes into red iron oxide which is an iron 
codde of a brown or light brown cokx. On the other hand, titanium black which is another black pigment also changes 
into white titanium oxide at 300-350^0. Neither black dyes arxl pigments are hence usable as black matrix ptgments 
which are required to have heat resistance sufficient to withstarvl a high-temperature calcination step. 

10 The dyes and pigments which have heretofore been used as descrtoed above are therefore insufficient in perform- 
ance as dyes for the formation of a black matrix are required to have excellent fight shiekf ng property, dispersbility. light 
fastness and the Gke. 

SUMMARY OF THE INVENTIQN 

IS 

With a view to overaxrvng the above-described various problems which have heretofore arisen upon fonratfon of 
a Uack matrix, the present inventfon has as a priinary object the provision of a black matrix which has excellent light 
shielding property and provides a displayed image with good d^nition and vividness. 

To prevent nixing of the three primary oofoTB at a display panel of an LC display or a luminescent flat panel display. 

20 the presmt inventors have proceeded with a variety of investigatiors on tslack pcgm&its &nptoyed for theformatfon of 
a black rnalrix wtw:h surrounds pixels of the three prirnary colors. As a resuft^ 
tain specific inorganfo pigrnents are excellem in various physical and othtf 
effective for the resolution of the abov&<jesGribed problems of ttie related art 

The present inventfon therefore provides a conr?)ositfon for a Uack matrix, said compositfon being composed of a 

25 Uack pigment and a Under for said pigment wherein said Uack pigment is a oompound-oodde Uack pigment comprising 
at least two metal oxsd^ and havhig a spnel or inverse-spinel crystalline structure; a process for the formation of a 
Uack matrix, which makes use of the compositfon; and also an article provided with the Uack matrix 

According to the present inventfon. the composition which contains as a light shiekfing pigment the compound- 
QDdde Uack pigment having exceUent fastness and shieUing property is excellent in optfoal properties such as Uack- 

30 ness and optical density and is also superb in the dispersion stat)ility in a dispersfon mediunt The use of the t)lack- 
matrix-forming corrposition according to the present inventfon for the fomHtion of a Uack matrix on a oofor fitter of an 
LC (fisplay, acfisplay panel of a luminescent fiat panel dsplay. orthe fike provides a Uack matrix - which is excellent in 
UacHness and light shielding property and stpeurb in fastness such as heat resistance, ultravfolet ray resistance, light 
resistance, cfiemical resistance and solvent resistar^ce - nme easily and econorrically compared with conventfonal 

35 processes. In particular, a Uack rnatrix on a display panel ol a luminesced flat panel 

using an inorganfo Under and conducting high-tenperature baking. The above-descrtoed Uack pignr>ent useful in the 
practice of the present inventfon is the best as a Uack pigment with heat resistance sufficient to withstand such high 
tenrperatures. 

LC displays, luninescent flat panel display panels and the like fabricated using the Uack-matrix-fonming composi- 
40 tfon. whfoh pertains to the present inventfon and contains the compound-oxide Uack pigment can achieve excellent 
cofor separatfon by their pixels and can hence produce images having excellent vividness and visibifity. 

DETAILED DESCRIPTION OF THE IfMVENTION AND PREFERRED EMBODIMENTS 

45 The present inventfon will hereinafter be described more specifically based on certain preferred embodiments. 

In the present invention, image display systenrs such as LD dsplays, plasma address LCs and LC prpjectors are 
called "LC displays", whereas image displ^ systems such as plasma displays, fluorescent displays, LED displays and 
CRT oUa display panels are called "luminescent flat panel dsplays". 

Further, cofor f ifter sufc^rates or di^y panel substrates employed in these displays are called simply "substrates". 
so In the case of an LC color display, illustrative methods for the formation of a Uack matrix include a method in wfiich 
a Uack matrix is fonned in conrfoination with an R. Q and B pixel pattern of a cofor finer on a substrate an^ 
which to increase the percent aperture of a pixel pattern, a Uack matrix is formed separately from the pixel pattern, for 
exanple, on a skle of a TFT array sut>strate. 

For a display panel of a luminescent fiat panel display, there is a method in which a Uack matrix is applied to a rear 
55 glass sitetrate in registration with pixels of R. G arfo B light-emitting elements on a front glass substrata 

The Uack matrix composition accorcfing to the present invention is obtained bf mixing or dispersing a the com- 
pound-oodde Uack pigment in a photosensitive or non-photosensitive resin varnish as will be described subsequently 
herein. Using this composition, a pattern is fonmed on a glass substrate for a color filter of an LC display, a display panel 
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^ of a lunvnescent flat panel display, or the tike by a oonventionaily known nnethod. whereby a desired black mairix can 
be formed. 

A descrption wfl] next be made of the oompound-oxide Uack pigment employed in the black matrix oonrpositk)n 
according to the present invention. 
5 The compound-oxide black pigment useful in the practice of the present invention is a pigment composed of two or 
more metal oxides and has been formed by conducting calcination at a high temperature. The oompound-oxide black 
pigmert has merits such that as a pignient it is exceOert in vark^ 
ance,light resistarx:e. wata- resistance and solvent resistance possesses esccellem prop^ 

hiding power and fight-shiekfing property, shows good dispersbiljty in a photosensitive vamish (organic kNnder) as a ds- 
10 persKNi medium for the pigment is also excellent in the storage stability of the resulting cfispersfon, and even when the 
dispersfon is mixed in a photosensitive resin. It does not practxialiy irrpa^ 

persfon medium. Concerning heat resistance, in partkajlar. the compound^nkie black pigment is superior toother black 

pigments and is stably usable up to about 80(rC. 

Upon fabricatkyi of a color filter or the Kke. high-tenrperature heat treatment may be reqidred. for example, when 
15 no electrodes are fonmed by deposition on a filter substrate or when a polyamk: ackl, a polyimkie precursor, is used 

as a resin of a vamish or an oriented film for an LCD arxl imUation is conducted as post-treatment The compound- 

Godde Uack pigment empfoyed in the present inventfon is excellent in heat resistance so that it can be very sl^y used 

even at such high temperatures. 

Such a black pigment remains stable in a high-temperature baking step upon formatfon of a Uack matrix on a cis- 
20 play panel for a luminescent flat panel display and is therefore a pigment most stAtaUe as a pigment for the formatfon 

of a tiack matrix. 

Typfoal exan^^ies of the oompound-oxkie Uack pigment empfoyed in the present inventfon indude oonrpoind 
metakixkie pigments of at least two metals selected as principal metal oonponenls from the group consisting of cop- 
per, chronvum. iron, manganese, cobalt aluminum, nickel, zinc, antimony, titanium, barium and the lika Each of these 
25 pigments has a spinel or inverse-spinel crystalfine structura 

Spec^ ocamples of the compound-oxkie Uack (x^nent include compound-oxkie Uack pigments composed of 
copper arxl chromium as prindpai metal components, compourxi-oxkje Uack pigments composed of copper arvl maiv 
ganese as principal rnetal cornporients. conrpound-CDode Uack pigm 

prinqpal metal compo n ents, compound-oxfoe Uack pigments composed of cobatt. chromium and iron as prindpai 
30 metal components, compound-oxMe Uack pigments composed of cobalt chrorriifln, iron and manganese as principal 
metal components and compoundKsdde Uack pigments composed of cobalt mksA, chron^um and iron. These pig- 
ments can be used either singly or m combination. 

As pignrientB for the formatfon of a black nriatrix in the presem invent 
even chromatic compound-coddes pigments can be used either singly or as mixtures obtained to have light sNekftig 
35 property provfoed that they are compourid-oxfoepigmeritscapaUe of fully shiekfi 
B pixels, respectively Upon mixing chronriatfo pigrnents to have iig^ sh^ 

can be nixed. It is also preferred to use one or nme of the above^Jescribed Uack pigments as a mix^ 

pigments^ As a hue obtained by mixing chromatic pigments to have light shiekiing property, a Uackoofor, adarkgray 

cofor or a dark chromatic color is desired to ensue absorption of visible light 

40 Illustrative examples of the atxsve-descrbed chromatic compound-oxfoe pigments include compound-Gockie pig- 
ments such as C.I. Pigment Blue 28 (cobalt-aluminum system). C.l. Pigment Blue 36 (cobalt-aluminum-chromhim sys- 
tem), CI. Pignent Qreen 26 (oobalt-aluminum-dTomium system). C.l. Pigment Green 50 (titanium-nk*Bl-oobalt-zinc 
system). C.l. Pigment Brown 33 (iron-zinc-chronvim system), and CI. Pigmmt Brown 34 Oronnrtkic^-alunrsnum sys- 
tem). These pigments are also enforaced by the expressfon 'conrpound-oxfoe Uack pigmenT in the present inventfon. 

45 Each corrpoundKsodde Uack pignoent usaUe in the present inventfon can be obtained by any one of preparatfon 
processes consisting of a dry synthesis process, a wet synthesis process and a wet oxfoatfon process. A descriptfon 
will hereinafter be made atxxjt these preparation processes and properties of pgments availaUe from such processes. 

According to the dry synthesis process, metal oxfoes as metal components for a pigment are mixed at a ratio as 
needed, fdfowed by sintering at a high temperatura From example, the ooddes. hydrmddes, carbonates or the like of the 

50 metal components for the pigment are mixed at a desired ratio into an intimate rrexture. the mixture is cakaned at a tem- 
perature of about 600^C or higher, arxJ sintered coarse partides so formed are ground into the pigment in a piiverizer. 
Primary partidesd the pigmem obtained by the this process have an average partide size of from a^ |jm, 
and the BET specific surface area of the pigment is about 5 m^/g or sa 

According to the wet synthesis process, on the other hand, salts of the metal components for the pigment are dis- 

55 solved in the same aqueous medium, an alkaline agent is added to the sdution to have the respective metal salts oon- 
currentiy deposited as compounds convertisle to oxides by heat treatment, such as their oxkies. hydroxkies or the like, 
and the mixture so deposited is caldned and then ground into the pigment Primary partides of ttie pigment otitained 
t>y this preparation process have an average partide size of from atx>ut 0.1 to 0.4 ^m, and the BET specific surface area 
of tiie pigment is atx>ut 25 m^/g or smaller. 
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Further, the wet GDddatk)n process is a new synthesis proc^^ 
two metals selected from copper, chromium, iron, manganese, cobalt aluminum, nickei. zinc, antimony, titanium, bar- 
iixn or the like are dissolved in the same aqueous medium, an alteiline agent is added to the solution to have the mixed 
metal salts deposited as nnixed hydroxides or ttie iika Either corxiun-ently with the deposition or subsequence to the 

5 deposition, the metal hydroxides deposited in the liquid phase are subjected to oxidation treatment in the liquid phase, 
followed by calcination treatment for example, calcination treatment at about 40(rC to SSCfC so that a pigment is 
obtained. Primary particles of the pigment obtained by this synthesis process have a BET specffic surface area of at 
least 40 m^/^ and an average particle size of from about 0.01 to 0.1 jim. 

Depending on the type of a synthesis process such as that desat>ed above, the mean particle size and BET spe- 

10 dfic surface area of the resulting pigment vary. A pigment having a greater partide size Gke a pigment obtained by the 
dry process or the wet process makes it posstke to provide a higher pigment content when the pigment is fonrulated 
into a pigment dispersion by dispersing it in a varnish as an organic t)inder. Ai substantially the same pigmerrt content 
the above pigment can lower the viscosity of the pigment dspersioa Since a conventional compound-oxide black pig- 
ment is generally an inorganic pigment its coforing power is inferior to an organic pigment and due to its Ngh specific 

IS gravity, its dispersion tends to devefop its settGng in the course of storage over a long period of tima The irxxganx; pig- 
ment obtained by the above-described wet oxidation process however has be&} formed into extremely fine partides. so 
that the extremely fine partides have been signTtcarrtly improved in coloring power, blackness, dtep^sfon stabfli^ and 
anti-settfing stability and are nrKX)t suited for the obje^ 

A de6criptk)n win now be nriade of a preferred entxxlinfiem of the 

20 the abov&<tesGrft>ed wet oxidation process. First as salts of indMdual metals for the compound-oodde Uack oodde, 
those enr^rioyed upon preparatfon of compound-Godde pigments, such as sulfates, nitrates, carbonates, chtorides. ace- 
tates and the Bka can all be used. Salts of these iridividual metal conrponerits are dissolved in water to pre^ 
tion of the nrnxed saH& The total concentration of the salts of the nri^ 

range from about 5 to 50 wt% or sa As an alkaline agem used for the deposition of nrietal hydroxides from 
25 solution d the above-descrbed nixed salts, a caustic alkali such as a 

The nrvxed metal hydroxides are caised to deposA the afialine agent and are thm sii^eded to axkJalion treat- 
ment Upon oxkiatfon treatment the effidency of coddation t>ecomes higher as the concentratfon of the metal hydrox- 
kies beconries k)wer. A k3wer concentration of the metal hydroxxie^ 

as finer partides. For these reasons, the concentratfon of metal hydrooddes upon ooddalfon treatment is suitably from 
30 0.05 to 0.5 md^iter as cafoulated t>ased on the principal metal salts. The pH of the solution at the time of the deposi- 
tfon of the f^rooddes or the oxklatfon treatm&rt is preferably in a rartge of from 7 to 13. The preferred synthesis tem- 
perature of the metal hydroxfoes can be in a range of from 20 to 40"C and the heir pref^ 
can be in a range of from 70 to 1 0O^C. 

In the wet oxfoation process, it is essential to treat the mixed metal hydroodde, whki) has been caused to deposit 
35 the alkafine agent in such a way that their nrietalforis are each QxidK^ 
exanple. to corivert divalerrt nrietal ioris to trivalent rnetal foris. A^ 

Qxkfizing agent can be used such as hydrogen peroodde, sodium peroxfoe, sodium chforate, air or cxygen ga& However. 
anoodcfizingaoemwhfohdoesnotfiormanyinpuritybyQK^^ air or oxy- 

gen gas is a preferred oxfoizing agent 

40 subsequent to the atxive-descrfoed oxkiation treatment the resultant oodde is filtered and dried. The filter cake so 
dried is ttien cak:ined. The caldnatfon is conducted at 400-650^ for 30 minutes to 1 hour in an ooddiznig atnrK)sphere 
sothatthedrieddrycakeiscorivertedMoacompourKl-oxide pigment having the perfect spinel structura According to 
this wet ooddization process, the oxkiizing treatment of the precipitated mixed metal hydroxfoes in the water phase 
makes it possible to form primary partides of the pigment of the single spinel structure as very fine partfoles even at a 

45 relatively low cafoination temperature The pigment so obtained is in the form of soft partides, thereby bringing about 
the merit that its dry grinding or wet mniing is easy. 

In the present inventfon. the compound-oodde black pigment can be surface-treated, as needed, with at least one 
coating nraterial selected from the group consisting of at least one coating material selected from the group consisting 
of siikxxi CDdde or vitreous inorganfo nr^erials, hardenaUe polymers, and pdymers substantially insoluble in a medium. 

50 The surface treatment of the compound-oxkie black pigment with such a coating material makK it pcssitAe to 
impart properties such as chargeat)ility and medium compatfoility to the pigment This improves the dispersbiiity of the 
pigment in a varnish as a dispersfon medium upon preparation of the co m posi ti on of this invention for the Uack matrix 
arxj also during storage of the composition, and also inproves tfie re-dispersfoility, dispersfon statxlity and the like of 
the pigment subsequent to the storage of the composition. When ttie pigment is treated witti a silicon oodde or vitreous 

55 inorganic material, ttie pigment exhibits improved compatbllity wtth a fow ntp. glass binder during cafoinatton upon for- 
mation of a black matrix This improved compatfoility fadlitates baking of the black matrix to a glass substrate. 

Illustrative examples of the silicon oxfoe or vitreous inorgarvc material as a surface-treatment agent for the pigment 
indude hydrogenated amorphous silfoa. anhydrous amorphous silica, inxtures ttiereof, and low m.p. vitreous materials. 
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The surface treatment of the pigment by the inorganic material can t>e carried out in a manner similar to a coating 
method for a conventionally-kncwn pigment with silica or a vitreous material. For example, the compoundK3odde biack 
pigment is dispersed in a finely-cSvided form in water, and an aqueous solution of sodiim silicate, potassium silicate or 
the like (with optional additkxi of an ajueous solutkxi of lead nitrate) and a dilute aqueous solution of sulfuric ackJ are 

5 simultarieously dropped or poured into the dispersfon. foHowed by stirring. As an altemative, the pigment is dispersed 
in a finely-divided form in a solvent such as ethanol. and tetraettiyi orthosilicate. tetramethyl orthosilicate or the Dke (with 
optional SKJdition of an organolead compound) is added to the disperskm so that the silicate is hydrolyzed and con- 
densed to deposit as fflms on surfaces of the pigment In this manner, the pigment is obtained in a coated fbrra 

The black pigment has been almost uniformly surface-treated with amorphous silica, a m.p. vitreous material 

10 a a mbdu^e thereof as descri>edabok^ Subsequent to the surface treat^^ 

with water to eTiminate soluble saHs and other water-soluble substances and after drying, is used for the fDrmatfon of a 
tjlack matrix. 

The inorganic coating material is required in an amount suffkaent to coat the surfaces of the black pigment Specif- 
ically, the inorganfc coating material is used in a proportion of 1 - 1 00 parts by weight preferably 3-50 parts by weight per 
IS 100 parts by weight of the pignient It is desired to treat the pigment with the coating^ 

sen depending on the partk:le size and spedTic surface area of the parlkdes of the pigment to be coated. The amount 
of the coating material to be used may be determined using as an index an oil absorptfon of the pigment to be coated. 
This coating can be conducted a plurality d times for the same Wackpignient 

Use of the coating material in an unduly small amount cannot suffidentiy improve the dispersibifity, dispersion sta- 
20 NityandthelikBofthepigment An unduly large amount however, resu^ 

ing black-matrix-kxmlng conrpositfon. and is not desired because the surface-treated pigment is required In a large 
amount to surely achieve a degree of pigmentatfon which is needed for a black matrix to be formed. 

HardenaUe polymers usable as coaling materials include oonventfonaily-taiown hardenaUe resins, for example. 
curat)le anino resins, cursdble epcocy resins, curatsle phenol resins, curable urethane resins, crossfinkable unsaturated 
25 polyester resins, and crossfinkable poly(meth)acrylate resins. 

In adcfitkm, wen non-hardenaUe polymers are usable as coating materials tor the pigment proved that they ar e 
substantially insoluble in solvents, cherracals or the like whk:h are used in the fabrication steps of cofor filters. Illustrative 
examples of polymers substantially insoluble in these solvents include polyamkje resins, pdyimkie resins, and polya- 
nrideinvde resins. 

30 Where these organk: materials which can form such insoluble coating are hardenabie resins, they are each used 
in a soluble form, for exanple, in the form of ntonomef(s), an initial cond&isatfonp likeaslciownintheart 
optionally in oombinatfon with an appropriate crossiinking agent curing agent catalyst polymerizatkxi initiator or the 
lika In the case of non-hardenaUe polymers, each of them can be used in a form cfissolved in a solvent in whk:h the 
polymer is soiubia 

3S The surface treatnrient of the compound-oxkie black pigmem by suc^ 

(Aspersing tfie pigment in a f inely-divkJed form in water or a solvent dropping or pouring the organk: coating material 
into the dispersfon under stirring in a manner commonly empfoyed for the formatfon of coating, for example, in the form 
of an aqueous solutfon, an emulsk>n, a solvent solutkxi or the like, optkxiaily heating the resultant mixture, and then 
adding a curing agent such as an aminei curing catalyst such as an alteli or a polymerizatfon initiator. 

40 The coated pigment so obtained has t>een almost uniformly surface-treated with the polymer which is substantially 
insolii)le in the mediura Similarly to the foregoing, this polymer is also required in an amount sufficient to coat the sur- 
faces of the black pignrient Specifk:ally, the polymer is used in an anm 

by weight per 1 00 parts by weight of the pigment The amount of the polymer to be used may be determined using as 
an index the partx:l6 size, specif c surface area and oil ak)sorption of the pigmerrt to k>e coated. 

45 This coating with the sSioon oxkle or vitreous inorgank; material, hardenabie polymer or insoluble pohrmer can be 
conducted a pturafity of tirnes for the sarne black pigment 

Subsequent to the surface treatment the coated pigment is thoroughly washed with water to efirninatesoUble salts 
and other water-soluble sul>stances and after drying, is used for the formatkxi of a biack matrix. 

As has be&i descrbed above, it is one of the merits of the compound-csdde black pigment ttat as a resUt of the 

so cakanation of the pigment at a high temperature, the pigment is composed of a compound metal oodde \ming the spe- 
cif k; crystalline structura It therefore has high heat resistance as a pigment and exhibits suff kaent heat resistance even 
at tenperatures where organic substances bum off upon fonnatkxi of a black rnatrix. 

Therefore, when a cfisplay panel is fabricated by subjecting a black matrix to high-temperature treatment subse- 
quent to its patterning as in the case of a display panel for a lunvnescent flat panel display, a composition according to 

ss the present inventfon in whfoh the conrpound-oxide black pigment is added with a low mjp. glass frit as an inorganfo 
t>inder. an organosirica compound such as ethoxy silk:a arxJ an organolead corrpound can be effectively used for the 
formation of the biack matrix. It is also possble to form a black rnatrix by coating beforehand a substrate with a kw 
glass frit over the entire suriace thereof or on re^ons where the matrix is to be fomned, patterning the Uack matrix with 
the compositfon according to the present invention and then t>aking the thus-patterned composition. 
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The low n^p. glass frit enployed as a binder for the pigmem in 
can be, for exanple. fine powder of a lead borosilicate glass formed of lead oodde, sSicon oxide and boron sificate as 
prinQpal components. Depending on the composition, such gtass frits range from a low-temperature baking glass frit 
whose baking tenriperalure is about SCXTC to a high-tenperatin^e baM glass frit whose baking temperature is about 
5 70(rC. These frits have been added with sod urn CDode, titanium codde. ziroonium codde. lithium oodde. aluminum codde 
and/or the like as subordinate components. 

Regarding the black-matrix-forming composition accord ng to the present inventioa its formulation, varnish and 
additives are determined d^^exling on the coating method of the oonrposition on a substrate, the formation method of 
the pattern. 

10 Illustrative examples of the method for printing the Uack matrix conrposition aocordng to the present invention on 
a substrate for the formatfon of a black matrix include various printing methods such as standi saeen printing, intagfio 
gravure printing, offset intagfio printing, offset fithographk: printing and letterpress printing; eiectrodeposHfon; electronic 
printing; electrostatic printing; and thermal transfer. 

The black-matrix-forming composition according to the present inventfon can be converted into a photosensitive 

IS black-matrix-lbrmir)g conpositfon by using a photosensitive resin as at least a portion of its birxler. For the formatfon of 
a black matrix from the photosensitive Uack-matrix-forming oompositfon of the present inventfon by photolittiography. 
the composition is coated over the entire surface of a substrate by spi^ 

to formation of a rough pattern by photoMhography, a printing mettiod, thermal transfer or the Gke, a precise pattern is 

then formed by photolithography. 
20 UsabUB components for the compositfon according to the present inventfon include, in addition to the connpound- 

oxide Uack pigment and the inorganic binder, a vanriish as an organic IwxJer for dispersing the pigment As the varnish. 

a suitaUa conventtonally-known, non-photosensitive or photosensitive vamish is chosen deperfoing on the coating 

metfKxJ and the pattern forming method. 

Illustrative examples of tfie non-photosensitive vamish indude varnishes useful in printing inte such as stencil 
25 screen inks, intaglio gravure inks, offset iithographfo Inks and letterpress inks; varnishes useful for electrodeposition; 

varnishes useful in devdopers for electronic pririting arKl dectrostatfo pri 

nlfoonsw Illustrative examples of the photosoisitive vamish indude photosensitive resin varnishes useful in uHravidet 
ray curing inks, dectron beam curing inks and the like. Besides these vamishes. vamishes suited for the above- 
descrbed coating methods and photolithograph i c methods can also t>e used. 
30 Illustrative examples of the non-photosensitive binder indude cellufose acetate butyrate resins, nitroceliufose res- 
ins, ^ene (co)polymers. polyvinyl txjtyral redns. aninoalkyd r^ir^ pdy^ter r^ir^ amsno-resin-nrKxfified pdyester 
redns, pdyurethane resins, acrylic polyd urethane redns, sduble pdyamide resins, soluble pdyimide redns. casern, 
hydroxyethylcdlufose, water-sduble salts of styrene-maleate ester copdymers. water-sduble salts of (m6th)aGrylate 
ester (co)polymers. water-sduUe amimoalkyd redns. water-soluble amino-redn-modified polyester redns. and water- 
as soluble pdyamfoe redns. These binders can be used either dngly or in combination. The black-matrix-fbrming compo- 
dtfon accorcfing to the present inverrtion can be obtained by rdxing, d^ 
pigment with the binder by a conventionally-known method. 

Illustrative examples of a photosensitive redn vamish usable in tfie Uack-matrix-forming composition aooord ng to 
the present inverrtion indude ultravfolet ray curing inks, dectron beam curing inks arfo the lika Particulariy prefenred are 
40 photoseridtive redn vamishes wNch are used for the formation of patterns tyy photdithogFaphy and etching. Specific 
examples indude vamishes obtained by adcfing conventionally-known nruKifunclional acrylic monomers as reactive 
diluents to photosensitive cydizing rubber redns. photosensitive phend redns, photosensitive (meth)acrylic redns. 
photosensitive 8tyrene-(rT>eth)acryik; redns, photosensitive pdyamide redns, photosensitive pdyimide redns, photo- 
sensitive unsaturated polyester redns. polyester acrylate redns. pdyepoxy acrylate redns. pdyurethane acryiate res- 
45 ins. pdyelher acrylate redns and pdyd acryiate redns; and vamishes obtained by adding an organfo solvent or an 
aqueous medium to the first-mentioned varnishes as needed. The photosensitive Uack-malrix-fbrming compodtfon 
according to the present invention can be obtained by adding a photopdymerizatfon initiator such as benzoin ethyl 
ether or benzophenone to a mixture of the compound-oxfoe deck pigment and the vamish and then kneading the 
resultant rdxture t>y a coriveritionany-known niethod. 
50 To form a t)lack matrix by using the atxjveKJescribed photosensitive Uack-matrix-forming composition, the compo- 
sition is evenly coated on a substrate by a coating method such as spin coating or rdl coating and sut)sequefTt to pre- 
drying, a photomask is applied in dose contact with the thus-coated substrate, fdkiwed by exposure and curing under 
an extra-high pressure mercury lamp. The resulting layer is then subjected to devdopment and washing and, if neces- 
sary, further to post tiaking. wheret^ a Uack matrix can t>e formed. 
55 Use of a thermal polymerization initiator in place of the photopdymerizatfon initiator makes it posdUe to preside a 
thermally-pdymerizaUe, U^-matrix-forming composition according to the present inventfon. 

The proportfon of the organfo Under in the Uack-matrix-forming composition according to the present inventfon is 
inarangeof from 5 to 300 parts t)ywdghtprderably from 10 to about 200 parts by w^ com- 
pound-oxide Uack pigment. 
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tn the case of the Uack-fnatrix-forming composition according to the present invention in wttich the \oh nrtpi glass 
frit as an inorganc binder is used as a binder, the proportion d 

by weight preferably from lOtoaboutlCWparlsbyweightper 100 parts by weight of the pigment Asa caldna^ 

perature tpon forming a Uack ntatrix with the compo^^ 
5 binder contained in the composition is burnt off in its entirety, the inorganic binder also contained in the composition is 

molten and the compound^nideblack pigment is fixed on a substr^ For example, about 45D-900<*C is desired as the 

calcination temperature 

Black matrices formed as described above are suited especially iDr ^ 

faters for LCdsplays and also as black matrices for LC displays. LC projectors, plasma address LCs and the iika They 
10 can also be used as cokx plasma display panels, that is, display panels in luminescent flat panel (fispl^ and also as 

black matrices in fluorescent display cokx cfisplay panels, luminescent diode cckor dasfiajf panels. CRT cokx cfisplay 

panels an the Rke, whereby they can eliminate color blurring or cotor overlapping in displayed images and can provide 

the displayed images with vividness and good definition. 

The artide, which pertains to the presem inventkin and is provided wi^ 
15 \iack matrix has been fonned on a color fiter of an LC display or a display panel of a luminescent flat panel display, 

such as that described above, by using the above<iescrft>ed black-matrix-fbrming compo si t k x) aoooiding to the present 

irvention. 

A fabrication process of an LC color display will now be descrbed based on one example thereof. An R. G and B 
cotor filter and a black matrix are formed on a color fitter substrata An oriented fHm for the LC cotor display is formed, 
20 folfowed by rubbing treatment the printing of seals and the forniatk^ 

the other hand, TFT elenrients are formed, folfowed by the formation of an orierrt^ rubbing 
treatnient aiKl the spreading of a spacer. The array sitetrate and the coforffl^ bonded together, 

foifowed by the filling of a fiquid crystal, the sealing of cells, the bonding of polarizers, etc. so that a odor LC panel is 
obtained. Through a nxxkile assernbly step in which an integrated driver drcuit and an integrated control drcuit are con- 
as nected to the panel and an D) uminating baddight or the fike is mounted . an LC cofor display is fabricated. 
R. G and B ootoring conrpositions for the torniation of R, G and B pixds on a cok^ 
and the formation of the indMduai pixels can be conducted by a conventionally known method. PrefOTed exanples of 
usable a G and B pigments indude C.l. Pigment Red 122, 123. 149. 177, 179, 190, 194, 207. 209 and so on; at Pig- 
ment YeDow 24. 108. 109. 110, 1G6 and SO on; CI. Pigment Green 7, 36. 37 and so on; and CI. Pigment Blue 15. 60. 
30 66andsoon. 

The pixels of the cofor fitter are not limited to a combination of the three primary colors, and other corrtxnations 
such as those of three primary odors of indigo-blue, mag&ita and y^low are of course feasibia 

tn the case of a cofor fitter for an LC display or a like titer, the black-matrix-forming composition according to the 
present invention can be added further with one or more conventionally-known pigments, for example, to provide the 
35 resuttff^blad(rnatrixwfthaninaeasedUacknesssottiatahsgheropti^ Preferred as usable 

pigments are those having excellent fastness, superb electrical and physfoal properties, high cdoring power, and a 
blade cofor or a hue permitting easy toning into a black cdor. Illustrative eocamples of Mack pigments indude CI. Pig- 
ment Black 6, 7, 8, 9 and 10, the azomethineazo black pigments dsdosed in Japanese Patent Pubficatfon (Kokoku) hkx 
HEI 4-15265. and CI. Pigment Black 31 and 32. 
40 Asaneocampleof fabrkatfonof adisplaypandforalurninesoemflatpandd^ 
of fabrication of a display panel for a color plasma display 

Using the black-matrix-forming composttion according to the present invention, a Uack matrix of a grid pattern is 
formed on a from glass subslrate tiy a rnethod sinrnlar to ^ 

metal electrodes, a transparent dielectric layer, stripe partitions, seal layers, and a magnesium oxide layer. Formed on 
45 a rear glass substrate are data electrodes, a whtte dielectric layer, stripe partttfons, blue, green and red phosphor layers, 
and seal layers. The thus-formed from glass substrate and rear glass substrate a^^ 

gas filling steps are then perfonned. The assembly so otitained is connected to a drcutt unttsothatadispl^panelfor 

a cofor plasma display is tat)ricated. 

R, G and B composttfons for the formatfon of R, G and B pbcels on a (fi^ay fiter of a luminescent flat panel display 
so can be ttiose known to date, and the formation of the individual pixels can t>e conducted by a conventionally krwwn 

method. For example, prefenred examples of phosphor pigments usable for cofor plasma display panels indude 

(Y,Gd)B03:Eu as a red phosphor, BaAli20i9:Mn and Zh2Si04:Mn as green phosphors, and BaMgAli4023:Bj^'^ and 

BaMg2Ali6027:Eu as blue phosphors. Further, illustrative LEDs indude InGaN-system blue LEDs, GaAIAsnsystem red 

UEDs, and GaP-system green LEDs. 
55 The present invention wDI next be descrft>ed more specifically ty the fdfowing Synthesis Examples and Examples 

of pigments useful in the practice of the present invention. All designations off IpaxT or "jparts" and "%'. which will folfow. 

refer to part or parts by weight and wt% unless specified othennnsa 
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Synthesis Exanple 1 

A oopper-iron-manganese compound-oxide black pignient (C.I. Pigment Black 26) was synthesized by a wet syn- 
thesis process. Specifically, measured were 1 20 parts of copper sulfate. 1 04 parts of iron sulfate heptahydrate and 1 70 

5 pails of nrianganese sulfate. They were conpletelycfissolved in a^ 

of the mixed salts was prepared. Next, 240 parts of caustic soda were measured as a preppitant and w^e then dis- 
solved in about 800 parts of water, so that an aqueous solution was prepared. Further. 800 parts of water were pro- 
vided, to which the aqueous sdution of the mixed sails and aqueous solution of caustic soda, both pref^rad above, 
were stnuiltaneously added dropwise under stirring at 26**C. A precipitation reaction was brought to completion in about 

10 30 mirutes to 1 hour. 

The reaction mbdure was fatered and the resulting titrate was washed with water to thoroughly wash away soluble 
salts, whereby a filter cake was obtained. This filter cake was dried at 1 00-1 20^C for 8 hours or longer. The dried filter 
cake so obtained was calcined at 520**C for 1 hour in an oxkfizing atmosphere. Primary particles of a oopper-irorwnan- 
ganese compound-oxide Uack pigment (hereinafter called "BK-I") so obtained had an average partkde size of about 
75 0.1 ^m and a BET surface area of akxxit 25 m^/g. 

Synthesis Example 2 

In a manner as in Synthesis Example 1. a copper-chromium compound oxide (C.I. Pigment Black 28) wos synthe- 
20 sized. Caustic soda was added as a precipitant to an aqueous sdutton of copper sidfale and chromium sulfate to con- 
duct a precipitation reactkm. Subsequent to fitratxxi. water washing and drying, the dried filter cake so obtained was 
cakaned at 520^C. Primary partkdes of a copper-chromium conpound-axUe black pigment (hereinafter called "BK-2') 
so obtained had an average partkde size of about 0.2 pm. 

25 Synthesis Example 3 

In a manner as in Synthesis Example 1. a cobalt-chromium-iron corrpourvl oxkie was synttiesized. Caustic soda 
was added as a predprtarn to an aqueous sdutkxi of oobaH sulfate, chrom^ 

dpitation reaclkxi. Suftssequent to f iltratkxi, water washing and drying, the dried filter cake so obtained was calcined at 
30 520^C. Primary particles of a cobalt-<:hromiunHron compound-oodde black pigment (hereinafter called 'BK-3*^ so 
obtained had an average particle size of about 0.05 fira 

Synthesis Example 4 

35 in a manner as in Synthesis Example 1. a cobalt-chromium-iron-manganese corTfX)urvl codde was synthesized. 
Caustic soda was added as a precipitant to an aqueous solutk)n of cobalt sulfate, chromium sulfate iron sulfate and 
manganese sulfate to conduct a predpHatton reactk)n. Subsequent to filtFatkm. water washing and drying, the dried fil- 
ter cake so obtained was caksned at 520^C. Primary partdes of a cobalt-chromium-iron-manganese compound-ODdde 
black pigment (hereinafter called *BK-4") so obtained had an average partide size cf afcxxjt 0.1 |im. 

40 

Synthesis Exanrf)le 5 

In a manner as in Synthesis ExarTf)le 1. a cobalt-nkikBl-chromium-iron compound oockJe was synthesized. Caustic 
soda was added as a predpitant to an aqueous solution of cobalt sulfate, nickel sulfate, chromium sulfate and iron sul- 
45 fate to conduct a predpitation reactkxi. Subsequent to filtratkxi. water crashing and drying, the dried filter cake so 
obtained was caldned at 520^C. Primary partk:les of a oobalt-mckel-chromium-iron compound-odde Uack pigment 
(hereinafter called "BK-S^ so obtained had an average partxde size of about 0.1 |im. 

Synthesis Example 6 

50 

A copper-iron-manganese compound-oxide black pigment was synthesized in the form of fine partkdes by a wet 
synthesis process. Spedfkslly. measured were 120 parts of copper sulfate, 104 parts of iron sulfate heptahydrate and 
170 parts of manganese sulfate. They were completely dissolved in atx>ut 800 parts of water, whereby an aqueous 
solution of the nvxed salts was prepared. Next, 240 parts of caustic soda were measured as a predpitant and were then 
^ dissolved in about 800 parts of water, so that an ^eous sdutton was prepared. Further. 800 parts of water were pro- 
vided, to whk:h the aqueous solution of the mixed salts and aqueous solutkKi of caustk; soda, both prepared above, 
were simultaneously added dropwise under stirring at 26^C. A predpitation reaction was conducted at pH 12 for atxHit 
30 minutes to 1 hour. After completion of the dropwise additk)n, lOOpartsof a 35% aqueous solution of hydrogen per- 
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« oxide were added dropwise while maintaining the pH. whereby oxidation treatment vvas conducted. Compleiion of the 
oxidation reaction at that time was confirmed measuring an coddation-reduction potential.. 

After the completion of the oxidation treatment the temperature of the reaction mixture was changed to 70^C and 
aging was then conducted for about 1 hour or sa The reaction mixture was then filtered and the resulting fittrate was 
5 washed with water to thoroughly wash away soluble salts, whereby a fiter cake 

at 100-12(rC for 8 hours or longer. The dried filter cake so obtained was cateined at 520^C for 1 hour in an oxidizing 
atnK)sphere. A pignient so obtained was in the form of smaD prinriary p^^ 

0.01 to 0.06 |im. Their BET specific surface area was about 56 m^/g. The pigment was a oopper-iron-manganese oom- 
pound-oxkle, fine partk:ulate black pignrtent (hereinafter called "BK-e^ which had good biadviess. cotoring power and 
10 dispefsft)ility and showed a t)luisht>lack color. 

Synthesis Example 7 

In a manner as in Synthesis Example 6. 120 parts of copper suKateJ04 parts of ffonsuHate heptahycfrate and 1^ 
IS parts of manganese sulfate were measured. They were completely cfissolved in about 800 parts of water, wftereby an 
aqueous sdutfon of the mixed saKs was prepared. Next, 240 parts of caustic soda were measured as a precipitant and 
were then dissolved in about 800 parts of ¥water. so that an aqueous solution was prepared. Further. 800 parts of rater 
were provided, to whkii the aqueous solution of the mbced salts and aqueous solution of caustk: soda, both prepared 
above, were simultaneously added dropwise under stirring while maintaining the resulting mixture at 26°C A predpita' 
20 tion reaction was conducted at pH 1 2. After completfon of ttie predprtatfon reaction, the reactfon mixture was txjbbied 
under stirring whOe feeding air at affow rate of 50 liters/min through a bottom of a reactfon tank, so that oxidatfon treat- 
ment vvas conducted. Completfon of the oxfoatfon reactfon at that time msconf^^ 
tfon potential. 

After the conpletion of the oxidatfon treatment, the tenperature of the reactfon mixture was changed to 70^0 and 
25 aging was then corvlucted for atxxit 1 hour or sa The reactfon mixture was then filtered and the resulting fitrate ms 
washed with water to thoroughly wash away soluble salts, whereby a fdtercalew This fiter cake was dried 

at 100-120^0 for 8 hours or toriger. The died filter cake so obtained was cakaned at 520*^0 for 1 hour in an oxfoizing 
atrnosphere. A pignriem so obtained was in the form of small primary parM 

0.01 to 0.05 pm. Their BET specific suriace area was atxxjt 60 m^/g. The pigment was a copperHron-manganese oom- 
30 poundKsxfoe, fine partfoutate black pigment (hereinafter called "BK-n which had good Uactoi^ cotoring power and 
dispersfoility and showed a bluish Mack odor. 

Synthesis Example 8 

3S In a manner as in Synthesis Example 6, 120 parts of copper sulfate and 227 parts of manganese sulfate were 
measured. They were conpletely dissolved in atxxJt 800 parts of water, whereby a^ 

was prepared. Next 240 parts of caustic soda were measured as a precipitant and were then dissolved in about 800 

parts of water, so that an aqueous solutfon was prepared. Further, 800 parts of water 1^ 

ous solutfon of the mixed salts and aqueous sdution of caustto soda, both prepared ab^ 
40 dropwise while maintaining the resulting mixture at 26^0. A predpitatfon r^dfon was conducted at pH 12. After oom- 

pletfon of the dropwise ^Hion. a 35% ^ueous solution of hydrogen percodde was added dropwise while mantaining 

the pH, whereby Qxfoatfon treatmerit was conducted. 

After the confileaion of the oxfoatfon treatment the temp^ature of the reactfon mixture was changed to 70^ and 

aging was then conducted for about 1 hour or sa The reactfon mixture was then filtered and the resulting fitrate was 
45 washed with water to thoroughly wash away soluble salts, whereby a titer cake was obtained. This titer cake was dried 

at 100-120^0 for 8 hours a tonger arxl further, was cakaned at 520^0 for 1 hour in an oxfo' 

so obtained was in the form of small primary partides, whose partk:ie sizes ranged from atxxjt 0.01 to 0.08 ^m. Their 
BET specific surface area was atx>ut 42 m^/g. The pigment was a copper-mariganeseconrp^^ 
black pigment (hereinafter called "BK-8") whfoh had good blackness, ooforing power and dispersibitty and showed a 
so bluish black cofor. 

Synthesis Examples 

The compourfo-oxfoe black pigment "BK-I" obtained in Synthesis Example 1 was surface-treated with a silfoeous 
55 material. Sp^ically. five hundred parts of the black pigment 'BK-1 * were taken, to whk;h 3 parts of an ^ueous soiu- 
tfon of sodium silkate (29% as siiidc anhydride) and 1 .000 parts of water were added to wet the pigment The pigment 
was thoroughly c£spersed in an attritor filled with steel bails until the mixture k>ecame a unifonm fkswatsle slurry. The 
slurry so ot>tained was caused to pass through a screen, wheret>y the slurry was separated from the steel balls. The 
slurry was diluted with water to give a total volume of 10,000 parts bf volume. On the sfoe, 380 parts of an aqueous 
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^ solution of sodium silicate (29% as saidc anhydride) were diluted with water to give a total volume of 1 .700 parts by vol- 
ume. 

Further, 1.700 parts of a 3.30% aqueous solution of sulfuric add were preyed. The pigment dspersion was 
heated to 90^0. to which a dilute aqueous solution of sodium hydroxide was added to acSust the pH to 10.0. To the mix- 

5 ture so obtained, the dilute aqueous solution of sodum silicate and the dilute aqueous solution of sulfuric add. both pre- 
pared above, were added dropwisa Their dropped amounts were confcroOed so that the reaction mixture remained 
alkaiina Subsequent to completion of the addition of both the solutions, stirring was continued for 1 hour, fdlcwed by 
the addition of dilute sulfuric add to adjust the pH to 6.5-7.0. The slurry so obtained was filtered. The resulting filter cake 
was washed unta soluble salts were eliminated, followed by dryina whereby 600 parts of a sHica surface-treated, black. 

70 fine particulate conpound-oodde pigment (hereinafter called ^BK-Q") were obtained. The amount of silica so coated was 
about 20% based on the pigment. 

Synthesis Example 10 

15 To 500 parts of the conpoundKnide black pigniem'BK-r obtained in Sy^ I.OOOpartsof a 10% 

aqueous solution of methand . said solution containing 1 0 pads of an anionic dispersant. were added, whereby the pig- 
mem was wetted. Further. 4.000 parts d water were added, fdtowed by thorou^ 

an a iii i tot filled with steel balls until the mixture became a uniform viscous slurry. The slurry so obtained was caused to 
pass through a screea whereby the slurry separated from the steel balls. The slurry wes diluted with water to give 
20 atotalvolumeof 10.000 parts by volunie. On the side. 167 parts of an aq^^ 

idc anhydride) were dUuted with water to give a total vdunrie of 1,000 parts by vob Further. I.OOOpartsof a 2.50% 

aqueous sdutk)n of sulfuric add were provided 

Simtlariy to the surface treatmemnnelhod for the pigment in Synthesis Example 6. the pigment disperskxi wTuch 
had been heated to 90^C was adjusted to pH 10.0 with a dilute aqueous solution of sodium hydrQxid& To the mixture 

25 so obtained, the dilute aqueous sdution of sodium silicate and the dilute aqueous solution of sulfuric add. both pre- 
pared dbove. were added dropwise under control so that the reaction mixture remained cdlalina Subsequ^ to com- 
pletion of the addition of both the sdutions. stirring was continued for 1 hour, followed by the addition of dilute sulfuric 
add to adjust the pH to 6.5-7.0. The sluny so obtained was filtered. The resulting filter cake y^as washed, fottowed by 
drying, whereby 550 parts of a surface^eated. Uack compound-oxide pigment (hereinafter called "BK-10") were 

50 detained. The amourrt of the surface treatm^ material was atxxjt10%l)ased on the pignrierTLV^ 

tridty of *BK-1 0" so obtained was measured by the blow-off method, a negative value ysgas indicated so tfiat an mprove- 
ment in electrical insulating property ms obsen^ed. 

Synthesis Example 11 

Similariy to the surface treatment method for the pigment in Synthesis Example 9, 500 parts of the fine particulate, 
conpound^nkje Uack pigment "BK'6" obtained in Synthesis Example 6 were taken, to which a 10% aqueous solution 
of metharx3l. said solution containing an anionic dispersant and water were added. The pigment was thoroughly ^ 
parsed m an attritor.fdiowed by the dilution with water to give a total volum 167 

40 parts of an aqueous sdution of sodium sOk:ate were diluted with wate^ 

Further. 1.000 parts of a 2.50% aqueous sdution of sulfuric add were provided. Similariy to the suriace treatment 
method for the pigment in Synthesis Example 9, the pigmemdisperskmwNch had been heated to 90*^0 was acj^^ 
to pH 1 0.0 with a dilute aqueous sdutk>n of sodium hydroxida To the mixture so obtained, the dilute aqueous solufion 
of sodum silicate and the diute aqueous sdution of sulfuric add. lx>th prepared above, were added dropwise under 

45 oontrd so that the reaction mixture remained alkaUna Sut>sequent to completion of the addition of t)oth the solutiors, 
the resulting mixture was stin'ed for 1 hour, fdkiwed by the adjustment to pH 6.5-7.0 with dOute sulfuric add. The slurry 
so obtained was then f itered. The resulting filter cake was washed. fdk>wed by drying, whereby 550 parts of a surface- 
treated. Uack corrpound-oxide pignrient (hereinafter called "BK-1 1") were obtained. The amount of the surface treat- 
mesit material was about 10% based on the pigment When the frictional electricity of "BK-1 1 ' so obtained was nneas- 

50 ured by the blow-off mettxxJ. a negative value was indcated so that an improvement in electrical insulating property was 
observed. 

Synthesis Example 12 

55 The oorrpound^sxide black pigment "BK-6' obtained in the form of fine partides in Synfliests Example 6 was sur- 
face-treated with a siliceous material. Specifically, like the surface treatment method for the pigment in Synthesis Exam- 
ple 6, an aqueous sdution of sodium silicate and water were added to the black pigment *'BK<€'. The pignr)ent was 
dispersed in an attritor, followed by the dilution with water. On the side, a dlute aqueous sdution of sodium silicate and 
a dilute aqueous sdution of sulfuric add were provided. The pigment dispersion was heated to 90**C and its pH was 
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' adjusted to 10.0 by addition of a dilute aqueous solution. To the mixture so obtained, the dilute aqueous solution of 
sodium silicate and the dilute aqueous solution of sulfuric acid, both obtained above, were added dropw^ Subsequent 
to oonr^etkyi of the addition of both the solutions, stining was continued for 1 hour. foOowed by the adjustment of the 
pH to 6.5-7.0 with dilute sulfuric add. The slurry so obtained was filtered, and the resulting filter cake was washed and 
5 then dried. A silica surface-treated, black, fine particulate compound^sdde pigment (hereinafter called "BK-1 2^ were 
obtained. The amount of silica so coated was about 30% based on the i^gment 

Synthesis Example 13 

10 The compound-oodde black pigment "BK-r obtained in the form of fine particles in Synthesis Example 7 was sur- 
face^reated with melanine resin layers. Specifically, fifty parts of an 70% aqueous solution of methylated m6thyk)imela- 
mine were diluted and dissolved in 50 parts of water. To the solution so obtained. 2.5 parts of glycine. 1 .4 parts of a 7% 
aqueous solution of hydrochloric add and 10 parts of vtater were added, followed by reaction at 50>55*'C. After poly- 
corxlensation was conducted until an initial condensation product crystallized out in chilled water, 7.6 parts of a 20% 

75 aqueous sdution of sodium hydroxide and 3.5 parts of water were added for neutrs^ 

pended. The solutxxi had a sofid content of about 30% and, even when diluted with water, it remained in a dear solution 
fonm. Two hundred parts of the resin sdutk>nwereaddedwrthwatertogiveatotal volume of 600 parts, whereby 
solution of a methylolmelamine Initial condensation product was obtained for the treatment of the pigment 

One hundred parts of the compomd-cxide black pigment "BK-T* obtained in the form of fine partides in Synthesis 

20 Example 7 were taken, to which 200 parts of a 1 0% aqueous solution of methanol, said solution containing 1 0 parts of 
an anfonic cfispersant were added, whereby the pigment was wetted. Furlher. 1.700 parts of water were added, fol- 
lowed by thorough defkxx:ulation and dispersfon. The resuhant dispersion was then charged in a r^ictfon vessel and 
its pH was c^justed to pH 4.5-5 with an aqueous solution of acetic add. .At SO-SO'^C. 600 parts of the above-descrbed 
resin solution were ^ed dropwise over 4 hours. Furttier, the pH was adjusted to 4.5-5 with an aqueous solution of 

25 acetic add, fdfowedtiy stirring for 3 hours to cure coatings. FOtratfon. water washing and drying were then conducted, 
whereby 130 parts of a surface^eated, compound-CDcUe black pigment (hereinafter caDed "BK-ISI were oUalned. The 
amount of the surface treatment material was about 30% based on the pigment When the frictional electricity of *BK- 
1 3" so obtained was measured by the bkyw-off method, a positive value was indicated so that an improvement in elec- 
trical insulating property was observed. 

30 

Synthesis Example 14 

The compound-ODdde black pigment "BK-2' obtained in Synthesis Example 2 was surface-treated with melamine 
resin fins. Spedfically. following the treatment method for the pigment in Synthesis Example 13. 1 00 parts of the cop- 

35 per-chromiumconfvxxjndKttide black pigmem'BK-Z" were a^ 

nd, said solutfon containing 2 parts of an anionic dispersant whereby the pigntent was wetted. Further, 1 ,700 parts of 
water were added, folfowed by thorough def focculatfon and dispersion. The resultant cfispersfon was then charged in a 
reactfon vessel and its pH was adjusted to pH 4.5-5 with an aqueous solution of acelic add At 80-90^. 300 parts of 
the pigment-treating resin solution of the methyfolmalamine mitia] condensation product, said resin sdutxxi having 

40 been emptoyed in Synthesis Example 12, were added dropwise over 2 hours. Further, the pH was adjusted to 4.5-5 with 
an aqueous sdutfon of acetic add, fdfowed by stining fDr 3 hours to cure outings. Rttratkxi, water 
were then conducted, whereby 1 15 parts of a surface^reated. corrpound-ODdde black pigment (hereinafter called "BK- 
1 4") w^e obtained. The amount of the surface treatment material was atxxjt 1 5% based on the pigment When the fric- 
tfonal electricity of "BK-1 4' so obtained was measured by the bfow-off method, a positive value was indfoated so that 

45 an improvement in dectrical insulating property was observed. 

Synthesis Example 15 

The compound-oxide black pigment "BK-I ' obtained in Synth^s Example 1 was surface-treated with epoxy resin 
50 coatings. Spedfically. using a reaction product between a liquid epaxy resin composed primanly of bisphend Adtgfyd- 
dyl ether and sodum aspartate, 300 parts of its 1 0% aqueous sdution were provided as an aqueous epoxy resin solu- 
tion for the treatment of the pigment As in Synthesis Example 13. 100 parts of the compound-oodde black pigment "BK- 
1 ' were added with a 1 0% aqueous solutfon of methand. said sdution containing an anfonic dispersant, and also with 
water, fdlowed by thorough deflocculation and dspersion. 
55 The resultant dispersfon was then charged in a reaction vessel. At room temperature, 300 parts of the epoxy resin 
sdution were added dropwise over 1 hour. The resulting mixture was heated to 50^C, at which a 2% aqueous sdutton 
of hexamethyienediamine was added dropwise over 1 hour, followed by stirring at 60*^0 for 3 hours to cure coatings. 
RHratfon, water washing and drying were then conducted, whereby 115 parts of a surface-treated, compourxl-ODdde 
black pigment (hereinafter called *BK-1 51 were obtained. The amount of the suriace treatment material was about 1 5% 
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based on the pigmerrL When the frictionaJ electricity of "BK-IS" so obtained was measured by the bkMK>ff method, a 
positive value was indicated so that an improvement in electrical insulating property ms observed. 

Synthesis Example 16 

5 

in a manner as in Synthesis Example 1, blue, green and brown pigments, which were conposed of compouid 
oxides, respectively, were synthesized. 

Specifically, C.I. Pigment Blue 28 composed of a oobatt-aluminum compound oxide was synthesized. Namely, 
caustic soda was added as a predpitant to an aqueous solution of cobalt sulfate and aluminum sulfate to corxluct a pre- 
10 dpitation reaction. After filtration, water washing and drying, the resisting titer cake wos calcined at 52(rC. Primary par- 
ticles of the thus-obtained blue pigment (hereinafter called had an average particle size of about 0.1 ^nrt 

C.I. Pigment Green 26 composed of a cobaft-aluminum-chromium compound oxide was synthesized. Namely, 
caustic soda was added as a precipitant to an aqueous solution of cobalt sulfate, aluminum sulfate and chromium sul- 
fate to conduct a precipitation reaction. After filtration, waterway the resulting filter cake was calcined 
IS at 520*C. Primary particles of the ttius-obtained green pigment (hereinafter called t3R-2") had an average particle size 
of atxxit 0.2 pm, 

C.L Pigment Brown 33 composed of an iron-zinc-chromium compound axWe was synthesized. Namely, caustic 
soda was added as a predpitant to an aqueous solution of iron sulfate, zinc sulfate arvJ chromium sulfate to conduct a 
predpftation reaction. Alter f itratioa water washing and drying, the resulting filter cake was cakaned at 520^C. F^mary 
20 partidesd the ttiu8K)b1ained brown pigmem (hereinafter called 3R-11h^ 

Example 1 

To f^cate an LC display having a cokx filter which was pro^oded with a black matrix, pigments, that is, ttie oonr>- 
25 pourxtodde black pigment "BK-I" obtained in Syrthesis Example 1, a red pigment "R-l". a green pigment "G-1" and a 
blue pigment "BL-I" were separately di^>erBed in portions of a photosensitive resin varnish composed primary ol a 
poiyurettiane acrylate resin by a tiiree^oU msQ, whereby four UV-curing, colored compositions w^e prqaared. Propor- 
tioning was coTKlucted in accordance with tfie foUowing formula. 

30 



Component 


Bk 


R 


G 


B 


Compound-oxkle black pigment *BK-r 


25 








Red pigment 'R-r (CI. Pigment Red 149) 




15 






Green pigment "G-l" (CI. Pigment Qreen 36) 






20 




Bhie pigment 'BL-r (CL Pigment Blue 15) 








10 


Poiyurettiane acrylate resin vamish 


30 


30 


30 


30 


Trimethyiolpropane triacrytate 


10 


10 


10 


10 


Neopenty! glycol diacrylate 


5 


5 


5 


5 


KydrQxy-2HnettQ^4xof^ffiph6rK>ne 


2 


2 


2 


2 


2,2-DiettioxyacelDphenone 


1 


1 


1 


1 


isopropyl alcohol 


13 


20 


17 


23 


Toluene 


7 


10 


8 


12 


Ethyl acetate 


7 


7 


7 


7 


Total 


100 


100 


100 


100 



To investigate performance as a black matrix for an LC display, tiie above black-matrix-forming corrpositiQn was 
55 coated by a roll coater on a glass substrate, which had been sut>iected to surface treatment with a silane coining 
agent over the entire surface thereof to a wet ttiickness of 5 jim. followed by predrying at 60*C for 5 minutes. Full-sur- 
face exposure was conducted at a light quantity of 400 mJ/cm^ under a 250 W extra-high pressure mercury lamp. The 
blackness of the resultant coating film was measured by a Macbetti densitometer. A value of 3.0 was incficated. The 
glass substrate witii the coating film formed tiiereon was placed in front of a fluorescent lamp to investigate its light 
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* shieidtng property. Light from the lamp was completely shielded, thereby demonstrating excellent performance as a 
black matrix 

Next a color fitter provided with a Wack matrix was fabricated. Namely, the above black-matrix-forming composition 
was coated as a first color by a roll ooater on a glass sii>strale, which h^ been subjected to surface treatment with the 
5 sOane coupling agent to a wet thickness of 5 ^im. followed by predrying at 60*0 for 5 minutes. Thereafter, a photomask 
having a grid pattern thereon was brought into ctose contact with the thus 

at 400 mJ/cm^ under a 250 W extra-Ngh pressure mercury lamp. Unexposed portions were then washed aw^ with a 
developer wtich contained isopropyl alcohol, toluene and ethyl acetate as principal components. After rinsed with iso- 
propyl akx>hd, the coaling fayer was dried by dry air so that a grid-shaped Uack 
10 obtained. 

On the gfass substrate with the grid-shaped Uack matrix formed thereon as descrit)ed above, the R, G and B inte 
were unifonrty coated one ink after another as second, third and fourth odors, respectively, by a roil coater as in the 
case of the bfack-^natrix-fonring composition so that the three co^ 

ing black matrix grid and no regions of the same color are located adjacent to each other. Using photomasks for R, Q 
15 and B. exposure was conducted to form an R. G and B mosak; pattern so that an R, G and Bootorflterprovktod with 

the Uack matrix was obtamed. 

Fbltowing a conventfonal method, an oriented film for LCD ms formed on the cofor fitter substrate obtained as 

descril>ed abova Rubbing, printing of seals, and fonnatfon of transfer electrodes were then conducted. On the skte. 

TFT elements and an oriented fflm for LCD were fomried on an arr^ substrata Rubbing was concfocted and a spacer 
20 was then ^ead. The array substrate and the cofor filter substrate were bo^ Irijectfon of a BqukJ crystal. 

sealing and bonding of polarizers were then conducted, whereby a cofor LC panel was obtained. Through a module 

assenrtsly step in which an integrated driver circuit and an integrated control circuit were connected to the cofor LC 

panel and an illuminating backfight or the like is mounted, an LC cofor display was fabricated 

Since the indivkJual R, G and B cotors were isolated from each other by the black matrix, the thus-obtained LC color 
25 cfisplay was aUetoforma vivkl image with good cofor reproducibility without (^rertapping of the indivklual cofors. 

Exanple2 

SImilarty to Exampfol, an LC display having a cofor titer provfoedwim Speciffoally, 
30 35 parts of the compound-oxkje black pigment "BK-8" stained in Synthesis Example 8 were used instead of "BK-r. 
By a (fispersion mim, a bfack-matr ix -forming UV-curing compositfon was prepared in accordance with the following for- 
mula: 





Parts 


•BK-8" 


35 


Pdyurelhane acryfate resin varnish 


25 


Trimethyldpropane triacrytate 


8 


Neopentyl glycol diacryfate 


4 


2-Hycfroxy-2-methylpropyfphenone 


1.8 


2,2-DiettK3xyacetophenone 


0.9 


Isopropyl afoohd 


13.7 


Toluene 


6.8 


Ethyl acetate 


4.8 



SO 

The above black-matrix-fonning compositfon was coated to a wet thickness of 3 pm by a roll ooater on a surface- 
treated glass substrate, foltowed t>y exposure and insolubilization. The optfoal density of the resiitant coating f im was 
2.9. The coating film had high surface resistance so that suffk^ient electrical insufating property was exhibited. It also 
55 had high light shielding property It therefore demonstrated to have excelient perfbrnnance as a black matrix 

Next a cofor filter provfoed with a black matrix was fatxicated. Namely, the above bfack-matrix-forming conrpositfon 
was coated kiy a roll coater on a surface-treated glass substrate to give a wet thk^kness of 3 ^m. Subsequent to predry- 
ing, a photomask was applied in cfose contact with the thu&coated gfass substrata Under an extra-high pressure mer- 
cury lamp, the coating fayer was subjected to exposure and insolubiltzatfon. Unexposed portfons were then washed 
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away. The thus-exposed coating layer was rinsed and dried, whereby a grid-shaped Uack matrix having a line width of 
50 was obtained. 

Using the a G and B inks and b;G and R photomasks employed in Example 1. a oolorfiter having an a G and B 
nrxssaic pattern was next obtained. Thereafter, an LC color display was fabricated in a usual manner. Since the indivkl- 
5 ual R , G and B cotors were isolated from each other by the U ack matrix, th e LC color display was aU e to form a vivid 
image having high color purity, high contrast and exceOent luminance. 

Examples 

10 Similariy to Example 1 , an LC display having a ootor titer provided with a black matrix was fabricated. SpedficaDy. 
the compound-oxkJe black pigment 'BK-10*. which had been obtained in Synthesis Example 10 and surface-treated 
with the sificeous material, was used instead of 'BK-r employed in Example 1 . Using the pigment polyurethane acr- 
ytate resin varnish, polyacrytate monomers, photapdymerization catalyst and solvents in the same proporlfons. a 
black-matrix-forming UV-curing composition was prepared by a disperskxn mixer. 

IS The above black-mabix-forming composition was coated to a wet thickness of 3 ^m by a roll coater on a surface- 
treated glass substrate, folk>wed by exposure and insduUfizatioa The optkal density of the resultant coating film was 
2.a The coating fim had high surface resistance so that sufficient electrical insulating property was exftibHed. It also 
had high Bght shielding property. It therefore demonstrated to have exceUem perfornriance as a black rnatrix 

Next, a cotor filter provkled with a black matrix was fabricated. Namely, the above Uack-matrix-fbrnring compositkyi 

20 wasooaiedbyarollcoateronasufface^treatedglasssitetraietogiveawettt^^ 

ing. a photomask was applied in ctose contact with the thus-coated glass sii^strata Under an extra-high pressure mer- 
cury lamp, the coating layer was sut)jected to exposure and insolubiiizatk)n. Unexposed portk)ns were then washed 
away. The thus-exposed coating layer was rinsed and dried, whereby a grid-shaf^ 

50 was obtained. Using the R. G and B inks and B. G and R photomasks errptoyed in Example 1 . a cotor filter hav- 
2S ing an R. Q and Bmosak^pattem was next obtained. Thereafter, an LCcotordisplay was fabricated in a usual manner. 
Since the indivkJual R. G and B cotors were isolated from each 
to form a vivkl image having Ngh ootor purity, high contrast and excellent luminanca 

ExarTple4 

30 

Similariy to Exanfplel, an LCd^play having a cotor f3t^ provided wi^ Spedficaliy. 
the oompourxl-oxkJe Uack pigment "BK-14*, whtoh had been obtained in Synthesis Example 14 and surface^eated 
with the resin, was used instead of "BK-r employed in Example 1 . Using the pigment polyurethane acrylate resin var- 
nish, polyacrytate monomers, photopolymerization catalyst and solvents in the same proporttons. a Uack-maferix-form- 

3S ing UV-curir)g compositton was prepared by a dispersion mixer. 

The above black-matrix-fonmi ng compositton was coated to a wet thickness of 5 pm by a roll coater on a surface- 
treated glass substrata Subsequent to pre^irying. exposure and insolubilizatton were conducted. The optical density 
of the resultant coating film was 3.1 . The coating film had high surface resistance so that sufficient etodrical insUating 
property was exhftxted. It also had high light shieUing property. It therefore demonstrated to have excellent perform- 

40 ance as a black matrix 

Next, a cotor fitter provkJed with a Uack matrix was fabricated. Namely, the above biack-matrix-forming compositton 
was coated a roll coater on a surface-treated gl£^ substrate to give a wet thkioi^ 
ing.aphotoma^wasappfied in ctose contact with the thu&^x)9ted glass substrata Under an e^ 
cury lamp, the coating layer was sii)jected to exposure arxl insolut)ilizatton. Unexposed porttons were ttien washed 
45 away. The thus-exposed coating layer was rinsed and dried, whereby a grid-shaped black matrix having a line wkfth of 
50 fim was obtained. 

Using the R. G and B inks and B. G and R photomasks emptoyed in Example 1, a color titer having an R. G and B 
mosato pattem was next obtained. Thereafter, an LC color display was feibricated in a usual manner. Since the indivki- 
ual R.G and Bcotors were isdated from each other by the Uack matrix, the LC cotor dspl^ 
so image having high cotor purity, high contrast and exceDent luminance. 

Examples 

Similariy to Example 1 . an LC display having a color filter provided with a Uack matrix was fabricated, ^pedf toally. 
55 the compound-oxtoe Uack pigment 'BK-15*. whtoh had been obtained in Synthesis Example 15 and surface-treated 
with the resin, w^ used Instead of "BK-r employed in Example 1. Using the pigment, polyurethane acrylate resin var- 
nish, polyacrytate monomers, photopolymerization catalyst and sUvents in the same proporttons. a Uack-matrix-form- 
ing UV-curing composition was prepared by a dispersion mixer. 
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The above Uack-matrix-forming composition was coated to a wet IhicKness of 5 jim by a idl ooater on a surface- 
treated glass substrata Siteequent to pre-drying. exposure and insotubiGzation were conducted. The optical density 
of the resistant coating fflm was 2.9. The coating fOm high surface resistance so that sufficient dectrical insulating 
property was exhbited. It also had high light shielding property. It therefore demonstrated to have excellent perform- 
5 ance as a black matrix 

Next a color filter provided with a black matrix was fabricated. Namely, the above Uack-matrix-forming composition 
was coated by a roll coater on a surface-treated glass substrate to give a w^ thickness of 5 pm. Subsequent to predry- 
ing. a photomask was applied in ck>se contact with the ttius-coated glass substrata Under an extra-high pressure mer- 
cury lamp, the coating layer was subjected to exposure and insolubffization. UnexpoGed portk)ns were then washed 
10 away The thus-exposed coating layer was rinsed and dried, whereby a grid-shaped Uack matrix having a line width of 
50 )im was obtained. 

Using the R, G and B inks and B. G and R photomasks emptoyed in Example 1, a cokx titer having an R. G and B 
mosaic pattern was next obtained. Thereafter, an LC color d^play was fabricated in a usual manner. Since the incfivid- 
uai R. G and B cokxs were isolated from each other by the black matrix, the LC cotor display was able to form a vivid 
IS image having high cok>r purity, high contrast and excellent luminance. 

Examples 

Simikrty to Example 1 . an LC display having a cok>r filter pronded with a Uack matrix was fabricated. Spedficaily. 
20 20 parts of the compound-oxide Uack pigmisnt *BK-10', which had been obtained in Synthesis Example 10. and 10 
parts of a bek)w-desat>ed cartx>n Uack pigment wtnch had been surface-treated with a siliceous material, were used 
instead of "BK-r employed in Example 1. By a disperskxi mbcer. a UackHfratrix-fonming UV-curing compositkKi ^^as 
prepared in accordance with the fUkmng formula: 



25 







Parts 




•BK-10" 


20 




Surface-treated caitx)n Uack pigment 


10 


30 


PUyurethane acrylate resin vamish 


25 




Trimethyk>lpropane triacrylate 


8 




Neopentyl glyoU diacrytate 


4 


35 


2-Hydroocy-2-methylpropylphenone 


1.8 




2,2-Diethaxyacetophenone 


0.9 




Isopropyl alcohol 


16.3 




Toluene 


8 


40 


Ethyl acetate 


6 



The above Uack-matrix-fdming conrposition was coated t)y a roll coater on a surface-treated glass substrata Suft>- 
45 sequent to predrying, exposure arvj InsotutMlizatkxi were corxtucted. The optk:al density of the resultant coating film 
was 3.5. The coating film had high surface resistance so that sufficient electrical insulating property was exhbited. K 
also had high light shielding property. It therefore denxxistrated to have excellent performance as a Uack matrix. 

Next, a color filter provided with a Uack matrix was fabricated. Namely, the above Uack-matrix-forming composit k xi 
was coated t^ a roll coater on a surface-treated glass substrate. Subsequent to predrying. a photonrssk was appfied in 
so dose contact with the thusKx>ated ^ass substrate, folk)wed by exposure and insdbulization. Unexposed ponk)ns were 
then washed away The thus-exposed coating layer was rinsed and dried, whereby a grid-shaped Uack matrix having a 
line wkith of 50 fim was obtained. Using the R.G and B inks and B,G and R photomasks enripkyed in Example 1,^ 
iiar operatk>ns were conc&jced so that a cok>r fitter having an R. G and B mosaic pattern was obtained. 

Then, an LC color dsplay was fatxicated in a usual manner. 
55 Since the indivklual R. G and B (xAors were isolated from each other by a Uack matrix, the above-obtained LC color 
display was aUe to form a vivid image having Ngh cobr purity, high contrast and excellent luminanca 

The surface-treated cartx>n Uack pigment employed as descn'bed above had been obtained as in Synthesis Exam- 
ple 3 by subjecting a carbon Uack pigment (C.I. Pigment Black 7) to surface treatment with a sificeous material in an 
amount of about 20% tsased on the pigment 
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Example? 

To fabricate an LC display having a color filter provided with a Uack matrix, 30 parts ct the fine particulate, com- 
pound-oxide black pigment "BK-4" obtained in Synthesis Example 4 were added to and mixed with a photosensitive 
5 resin varnish which was composed of 23 parts of a melhacryiateester-mette 

development type, 10 parts of pentaerytMol triacrylate, 5 parts d di^ene gl^ 

ene glycol monomelhyi ^er acetate. The pigment was dispersed in a baD trill Further, 5 parts of a photopolymeriza- 
tion initiator were added and mixed, whereby a t)lack-matriX'forming UV-curing conposition was prepared. 

The above black-matrix-forming composition was coated by a rofl coater to a wet thickness of 3 ^m on a surface- 
10 treated glass sut)strat& Subsequent to pre^lrying. exposure and insolut)iIizalk)n were conducted The optical density 
of the resiitant coating film was 2.8. The coating film had high surface resistance so that sufficient electrical insulating 
property was exhbited. K also had high Eght shielding property. It therefore demonstrated to have excellent perform- 
ance as a tsiack matrix. 

The black-matrix-forming UV-curing compositfon was coated to a wet thickness of 3 fim on a surface-treated glass 
IS substrate by a roll coater. Next, predrying was conducted at &yC for 5 minutes. A photomask having a grid pattem 
therein was then brought into cfose contact with the thus-coated glass substrate. Under a 250 W extra-high pressure 
mera^ lamp^ exposure was conducted at a fight quantity of 400 mJ/cm^ to insolutxlize the coating layer. Unexposed 
portiors were then washed away with a devefoper which contained sodium cartxxiate as a prindpal conponent in a 
dilute aqueous soiutfon of isopropyl akx>hol. The thus-washed coating layer was dried at 60^. whereby a grid-shaped 
20 pattem was obtained. 

The pigments BL-1, G-1 and R-1 empfoyed in Example 1 were then separately added to and mixed with portions 
of the above-descrfoed photosensitive resin vamish. Using baO mills, the pigments were separately cfispersed and a 
photi^jolymeization initiator was then added and mixed, so that UV-curing a G and B inks were prepared. To form an 
R. G and B pattem sinilar to that obtained in Example 1 , operatfons were conducted as descrit>ed atxjve, using the R. 
25 G and B irto and B,G and Rphotornasks. a cokx filter having an a G and Brnosafo patterns 
display was then fabricated in a usual manner. Since the indivkijal R, G and B 0^ 

the Uack matrix, the LC cotor display so obtained was able to form a vivfo image having tugh odor purity, high contrast 
and excellent luminance. 

30 Examples 

To f^cate an LC display having a oofor fiHer whkii was provkied with a bl^ 
pound-oodde black pigment "BK-Z" obtained in Synthesis Example 2 and the pigments "R-l". "G-l" and "BL-r of the 
indivkfual cofors used in Example 1 were separately dispersed by a three-roll mill in portions of a photosensitive aro- 
35 matk: polyirnde resin vamish containing a photosensitizer in accordance with the befow-described formula, whereby 
photosensitive oornpositfons of the four odors were prepared for a cotor filttf^ 



Component 


Bk 


R 


G 


B 


Compound-axkle black pigment "BK-Z" 


20 








Red pigment "R-l" (CI. Prament Red 149) 




10 






Green pigment "G-1 " (C.I. Pigment Green 36) 






10 




Blue pigment "BL-1" (C.I. Pigment Blue 15) 








10 


Photosensitive potyimkJe resin varnish 


50 


50 


50 


50 


N-Methyl-2-pyrroikk)ne 


30 


40 


40 


40 


Total 


100 


100 


100 


100 



To investigate performance as a black matrix, a glass plate whk^h had t>een treated with a silane coupling agent 
was mounted on a spinner arxj the atx>ve-d^crft>ed Kack-matrix-forming corrpositfon according to the present inven- 
55 tfon was spin-coated. The spin coating was corKfocted first at 1 ,000 rpm for 5 seconds and then at 2,000 rpm for 5 sec- 
onds. 

Pre-baWng was next conducted at 65**C for 30 seconds. Using an extra-high pressure mercury lamp, fuli-suriace 
exposure was conducted at a light quantity of 900 mJ/cm^. The coating layer was sut>jected to post-baking at 200^ for 
30 minutes and then at 300^C for 60 minutes. The blackness of the resultant coating f am was measured by a Macbeth 
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densitometer. A value of 2,9 was indicated. The glass sut>slrate with the coatmg film fom^ thereon was placed in front 
of a fluorescent lanp to investigate its light shielding property. Ught from the lamp was completely shielded, thereby 
deino n sU a ting exceflent performance as a black matrix. 

Next a color filter provided with a Uack matrix was fabricated. A glass plate which had been treated with the silane 

5 coupfing agent was mounted on a spinner and the above-described black-matrix-*)rming oomposrtion according to the 
present inventen was spin-coated. Thespincoating was conducted first at 1.000 rpm for 5 seconds and ffiena^ 
rpm fcx 5 seconds. Pre-baking was next conducted at SS^C for 30 seconds. A photomask having a ykl pattern was 
applied in dose contact with the thus-coaled glass plate. Using an extra-high pressure mercury lanp, fuII-suHace expo- 
sure was conducted at a fight quantity of 900 mJ/on?. The resulting coating layer was devekiped with a spedally-pre- 

10 pared devekaper and then washed with a spedafly-prepared rinse, followed by post-baWng at 200**C for 30 minutes and 
then at 300*^0 for 60 nrinutes. A glass substrate provkled with a grid^ 
20 fim was obtained. 

Using a blue cotor compositfon as a second cotor, a green color compositton as a third color and a red color com- 
position as a fourth color, operatfons simflar to those conducted with the black matrix compositXKi according to the 
75 present invention were repeated three times, so that a color filter having a mosak^ pattern was obtained. Next, a LC 
cofor display was fabricated in a usual manner. As the individual G and B cokxs did not cveriap, the LC color display 
was exceOert in cola-light separability and luminance and was able to fc^ 

Examp!e9 

20 

A LCdsplay having a cofor filter provUed with a Uack rnatrixms fabric^ manner as in Exanrple 8. 

In place of "BK-2" used in Example 8. 30 parts of the surface-treated, compound-oxide Uack pi^ent "BK-1 1 " obtained 
in Synthesis Example 11 were dispersed in a rradure wfiich ccxisisted of 45 parts of a photos^tsitive pdyimsde resin 
vamish containing a photosensitizer and 25 parts of h^niethy^ 
2S Tbe above Uack-matrix-forming cocrpositkMi according to the present invention was spin-coated on a surface- 
treated glass substrata The coating layer was subjected to pre-baking, exposure and post-baking. The optical der^ity 
of the resultant coating film was 2.8. TTie coating film had high surface resistance so that sufficient electrical instating 
property was exhtoited. It also had high fight shielding property. It therefore demonstrated to have excellent perfonn- 
arx^e as a Uack matrix. 

30 Next, a cotor fitter provkled with a Uack matrix was fabricated. Specifically, ttie Uack-matrix-forming compositfon 
according to the present inventton was spin-coated on a surfiace-treated glass sii>strata Subsequent to pr&baking, a 
photomask was applied in dose contact with the thus-coated glass substrate, followed by exposire and insoluMization, 
developntent and washing, and post-baking. A glass substrate provkjed with a grid-shaped Uack matrix pattern having 
a fine wkfth of 20 pm was obtained. Using the R. G and B cotored compositions employed in Exairple 8, similar oper- 
as ations were conducted so that a cUa finer provided with an R,G and Brnosaic patterns 

An LC cotor display was then fabricated in a usual manner. Since the irxiividual R. G arvj B cotors were isolated 
from each other by the Uack nriatrix, the cUor display so obtained was aUe to for^ 
high contrast and excellent luminance. 

40 Example 10 

Tvtfenty-five parts of the compound-owde Uack pigment "BK-S". whkrfi had been obtained in Synthesis Example 5, 
were added to and mixed with a photosensitive resin varnish which was composed of 1 0 parts of the styrene-methacr- 
ytate ester-methacrylfe ackl copolymer resin of the alkaline development type, 5 parts of pentaerythrilU triacrylate, 2 

45 parts of diethylene glycd diacrylate and 56 parts of propylene glycU monomethyl ethe^ 

persed in a ball mill. Further, 2 parts of tf)e photopUymerization initiator were added and mixed, whereby a Uack- 
matrix-forming UV-curing composition according to the present invention was prepared. 

The above Uack-matrix-forming composition according to the present inventton was spin-coated to a wet thickness 
of 3 Mm on a surface-treated glass substrate, first at 200 rpm for 30 seconds and then ^ 

so coating layer was sut>jected to pre-baMng, exposure and post-baking. The optical density of the resultant coating film 
was 3.2. The coating film had high surface resistance so that sufficient electrical insulating property was exhfoited. It 
also had high light shielding property. It therefore demonstrated to have excellent performance as a Uack matrix. 

A surface-treated glass siibstrate was mounted on a spin coater, and the aboveKlescribed Uack-matrix-forming 
UV-curing composition was spin-coated to a wet thickness of 3 jim first at 200 rpm for 5 seconds and then at 1,200 rpm 

ss for 5 seconds. After pre4)aking was conducted at 60*^0 for 5 minutes, a photomask 

ctose contact with the tfwsKXWted glass substrata Using a 250 W extra-high pressure mercury lamp, exposure was 
conducted at a light quantity of 400 mJ/cm^ to insoluUlize the coating layer. Unexposed portfons were then washed 
away with a devetoper which contained sodium carbonate as a principal component in a dilute aqueous sUution of iso- 
projyl alcohol. The resulting coating layer was dried at 60*C. whereby a grid pattern was obtained. 
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The pi^ents "BL-r. "G-r and "R-r employed in Exanple 1 were then separately added to and mixed with por- 
tions of the atxveKiescrbed photosensitive resin varnish. Using ball mil^ the pigments were separately dispersed and 
the photopolymenzation initiator was then added and mixed, so that UV-curing R, Q and B inks were prepared. To form 
an R. G and B pattern similartottiat obtained in Example 1. operations were conducted as described above, using the 
5 R, G and B inks and B, G and R photomasks, a color filter having an R, G and B mosaic pattern was obtained. An LC 
color display was then fabricated in a usual manner. Since the individual R, G and B cokjrs were isolated from each 
other by the black matrix, the cotor (Sspiay so obtained was able to form a viva i^ 
trast and excellent luminanca 

10 Example 11 

Totibricate an LC display having a cokx filter which was provided with a black matrix, pigments, that is, the com- 
pound-oodde black pigment "BK-1 3* obtained in Synthesis Exanple 13 arxJ surface-treated with the resin. C.I. Pigment 
Blue 15 (BL-2) and CI. Pigment Violet 23 (V-1), and the red pigment "R-r, the green pigment "G-r and the blue pig- 
is merit *BL-r evrployed in Example 1 were proportkmed in accordance with the folkjwing fbmrula and then dispersed, 
whereby black, R, G and B inle were prepared for offset lithographk; printing. 



Component 


Bk 


R 


G 


B 


Surface-treated, oompound-Godde Uack pigment 'BK-13" 


25 








Blue pigment "BL-2" 


5 








Violet pigment "V-r 


10 








Red pigment "R-1 " (C.I. Pigment Red 149) 




30 






Green pigment "G-1 " (C.I. Pigment Green 36) 






40 




Blue pigment "BL-I" (C.I. Pigment Blue 15) 








20 


Mixed varnish for offset iittiographk; inks 


50 


60 


50 


70 


Drier 


1 


1 


1 


1 


Ink solvent 


9 


9 


9 


9 


Total 


100 


100 


100 


100 



55 

The above nixed varnish for Offset Ifthographk: inks has been obtained by using a rosin-modified phenol resin and 
a drying-oiknodified isophthalk: alkyd resin as principal components and adding thereto an ink solvent and aluminum 
chelate. 

40 To investigate performance as a black matrix, soU printing was corxiucted with ttie above Uack-matrix-forming 
composition by using an offset press. The optical density of the resultant coating fOm ms 3.0. The coating film had high 
surface resistance so ttiat suffkaent electrical insulating property was exhibited. It also had high fight sNekfing property. 
It therefore demonstrated to hs^e excellent periormance as a black matrix 

Next, a cotor fitter provkled wtth a Uack matrix was fabricated. Spedficaily, using the R. G and B inks, an R. G and 

45 B pixel pattern in the form of stripes having a line wkfth of 200 jim was formed by a four-cotor offset press. Further, the 
Uack-matrix-fbrming corrposition was printed in a pattern such that the black-matrix-forming composition filled up both 
top and bottom sUes and left and right skJes of each of the R. G and B stripes, whereby the indivkf ual R, G and B pixels 
were completely isolated by the black matrix An LC cofor display was then fabricated in a usual manner. 

Since the indivkiual R, G and B colors were isolated from each other by the black rretrix. the LC cofor di^y so 

so obtained was able to form a vivki image having high cofor purity, high contrast and excellent luminance. 

Exanple 12 

To fafc)ricate an LC display having a cotor filter prcvkjed with a black matrix as in Example 1 1 , a black-nratrix-fbrrrahg 
55 composition for offset lithographk: printing was prepared using the corrpound-oxae Uack pigment "BK-IO", whfch had 
been obtained in Synthesis Example 10 and surface-treated with the siliceous material, in place of "BK-1 r. 

Soiki printing was conducted with the above black-matrix-forming corrposition by using an offset press. The optical 
density of the resultant coating film was 2.7. The coating film had high surface resistance so that sufficient electrical 
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'insulating property was exhi>ited. It also had high tight shieUng property. H therefore demonstrated to have excellent 
performarx^e as a black matrix. 

Next a color fitter proved with a kiiack matrix was fatxicated. Spedfcally. using the abave^tescribed biack-matrix- 
Ibrming composition in combination with the R, G and B inks employed in Example 11 . an R, G and B pixel pattern pro- 
5 vided with a black matrix was fonmed by a four-cola offset press. An LC color display was then fabricated in a usual 
manner. Since the individual R,G and Book)rs were isolated from e^ black matrix, the LC color display 

so obtained was able to form a vivid image having high ook>r purity, high contrast and excellent luminance. 

Example 13 

10 

To f^txicate an LC display having a cok)r fitter provided with a black matrix as i n Example 1 1 . a black-matrix-forming 
compostion for offset Itthographic printing was prepared using the compound-Qodde Uack pigment "BK-3', whk:h had 
t>een obtained in Synthesis Example 3. in place of "BK-1 1". 

Solid printing was conducted with the above black-matrix-forming composttion by using an offset press. The optical 
IS density of the resuttant coating film was 2.8. The coating film had high surface resistance so that sufficient electrical 
insulating property was exhbtted. It also had high l^ht shieking properly. It therefore demonstrated to have excellent 
performance as a black natrix 

ftext a cokx- filter provided with a black matrix was fabricated. Specifically, using the above<lescri>ed black-malrix- 
fomring composition in con^ination wfth the R, Gand B inks emptoyed in Example 11, an R, Gand B pixel pattern pro- 
20 vided with a Uack nrtatrix was formed by a four-cokx offset press. 

manner. Since the individual R, Gand B cokxs were isolated from each other by the Uack matrix, the LC ookx- dteplay 
80 obtained was aUe to form a vivid image having high cokx purity, high contrast and excellent lunmanoe. 

Example 14 

25 

To fabrk;ate an LC display hannng a color fiterprovkied with a Uack ni^^ Pigment 
Blue 28 rBL-20 obtained in Synthesis Example 1 6, 24 parts of CI. Pigment Green 26 CGR-20 and 30 parts of C. i. Pig- 
ment Brown 33 ("BR-I "0 vvere mixed, folk>wed by the further addttx^ 

inks, 1 part of drier and 9 parts of ink solvent The pigments were dispersed using a three-roll miQ, whereby a black- 
so matrix4brming composition for offset lithographic printing was prepared. 

Solkj printing was conducted witii ttie above Uack-matrix-forming composttkxi by using an offset press. The black- 
ness of the resuttant coating film was measured by a Macbetti densitometer. A value of 2.9 was incficated. The print was 
placed in front of a fluorescent lanrp to investigate its Gght shiekiing property. Light from the lamp was completely 
shieUed, thereby denfK>nstrating excellem perfornriance as a Uack nri^^ 
35 A cokx fiter provkJed with a Uack mabix was fabricated. Specifkally, using the ^txivedescribed Uack-matrix-form- 
ing composttkxi in comUnationwtthtiie aGandBinksenrpk3yedinExanrple11.anR,GandBpixelpat^ 
wtth a Uack matrix was fcxrned by a fDur-coky offset press. 

An LC cokx- display was then fabricated in a usual manner. Since the indivkiual R, G and B cokxs were isolated 
from each other by the Uack matrix, the LC cokx display so obtained was aUe to form a vivklnria^ 
40 purity, Ngh contrast and excellent luminarx^a 

Exanr^e IS 

To fabricate a display panel provided wtth a Uack matrix for use in a plasma display panel, 36 parts of the oom- 
45 pound-oxkie Uack pigment "BK-r obtained in Synthesis Example 1 and 20 parts of a k3w m.p. glass frit were nrxxed 
wHh 35 parts of a nixed varnish for screen printing inks and 9pans of ink solvent The resutting rhbctire was kneaded 
in a three-ron mill to tiioroughly disperse the pigment whereby a black-matrix4orming composttkxi was obtained. The 
nixed varnish for screen printing inks was composed of ethythydroxyelhyk:elluk)se, the pentaerythritU ester of rosia a 
petrUeunrvbase solvent arxi cellosolve as principal compon&rts. 
so To investigate perkxnfiance as a U^ matrix for a display panel of a plasnrad' 

conrposHion was coated to a wet tfikioiess of 3 ^m t>y a wire bar coater on a glass sti)6tFate over the entire surface 
thereof. The coating layer was dried at 20CrC and in a baking fumace, was then baked at SSCT'Ckx 1 hour in air to bum 
off organic corrponents. The optical denstty of the Uack coating film so obtained was 3.2. The coating Urn had high light 
shiekiing property and also had excellent adheskxt to the glass substrata tt therefore demonstrated to have excetlmt 
ss performance as a Uack matrix. 

Next a display panel provkfed wtth a Uack matrix for use in a plasma display panel was fabricated. SpedfKslly. 
using the above Uack-matrix-forming composttkxi, a grid pattern was printed on a front glass sut>strate by a screen 
printing machine. The coating layer was dried at 200**C and in a baking furnace, was then baked at 55CrC for 1 hour in 
air to burn off organk: components, whereby a Uack matrix was kxmed. Rxmed next were transparent electrodes, 
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' metal electrodes, a transparent dielectric layer, stripe partitions, seal layers, and a magnesium oxide layer. Formed on 
a rear glass substrate were data electrodes, a white cfieledric lay^ 

ers, and seal layers. The thus-forrned from glass substrate and rea^ Seafing, evacua- 

tion and gas fniing steps were then performed. The assembly so obtained was connected to a circuit unit so that a 
5 display panel for a odor plasma display was fabricated. 

Indivkfcjal luminescent colors from the blue, green and red phosphors appear on the front glass substrate in such 
a way that ttiey are isolated from each other by ihe g-id-shaped black matrix The thus-obtained cfisplay panel for the 
color plasma display can therefore form a vivid image having high color purity and contrast and excellent luminance 

10 Example 16 

To fabricate a display panel provided with a black netrix for use in a plasma cfisplay. 40 parish 
'BK-G' obtained in Synthesis Example 9 and 1 0 parts of low m.p. glass frit were, as in Example 1 . added to arxl mixed 
with a photosensitive resin varnish which was composed of 20 parts of a methacrylate ester-methacryOc add copoly- 
15 mer resin of the aDofinedevefoprnem type. 7 parts of pentaerythritdtra 

and 18 parts of propylene glycol nfv>rK>methyt ether acetate The pigment was dispersed in a t)all milL Further. 2 parts 
of a photopdymerization initiator were added and nixed, whereby a bisdt-matrix-forming UV-curing composition was 
prepared. 

The black-matrix4orming UV-curing composition was coated to a wet thickness of 3 pm on a front glass substrate 
20 by a roll coater. Next, predrying vvas conducted ai GO^C for 5 rninutes. A photonriask h 
then brougM into cfose contact with the thusKX>ated glass substF^ 

exposure was conducted at a fight quantity of 400 mJ/cm^ to insolubifize ttie coating layer. Unexposed portions were 
then washed away with a developer which contained socfium cartxxiate as a prirx^pal component in a dilute aqueous 
solution of isopropyl akx)hd. The thus-washed coating layer was dried at GO^'C. whereby a grid-shaped pattern was 

25 obtained. The coating layer was heated at 200^0 and in a baking furnace, was then baked at 550*^0 for 1 hour in air to 
burn off organic components, whereby a black niatrix was forrned. In a similar manner to Example 1. a cfisplay pand for 
a oofor plasma cf splay was fakxicated. 

Individual luminescent cotors from the blue, ^-een and red phosphors appear on the front glass substrate in such 
a way that they are isolated from each other by ttie grid-shaped Uack matrix The thu&obtalned display panel for the 

30 coforplasnfia display can therefore fbnn a vivid irnage having high o^ 

Example 17 

To fabricate a display panel provided with a black rnatrix for use in 

3$ *BK-12" obtained in Synthesis Exairple 12 and 5 parts of kiwnt4>.g^ 

witii a photosensitive resin vamish which was composed of 10 parts of a styrene-methacrytate ester-mettiacryfic add 
copdynier resin of the alkafinedevelopnf)enttype,5partsofpentaeryttiritdtriacrylate,3partsddieft^ 
crylate and 50 parts of propylene glycd monomethyl ettier acetate The pigment was dspersed in a ball miD. Further. 2 
parts of a photopdynrierizalion initiator were added and nixe^^ UV-offing oonpodtion 

40 was prepared. 

Afront glass substrate was nrxxjnted on a spin coater. and the above-described Uack-matrix-forming UV-curing 
conposition was spin-coated to a wet tiiickness of 3 |im first at 200 rpm for 5 sea 

ond& Next, ttie coating layer was subjeded to predr^ng at 60^C for 5 minutes. Alter that a photomask having a grid 
pattem was applied in dose contad witti ttie ttius-coated glass substrata Using a 250 W extra-high pressure mercury 

45 lamp, exposure was conduded at a light quantity of 400 mJ/cm^ to insdii>ilize ttie coating layer. Unexposed portions 
were then washed aw^witti a devetoperwNch contained sodium cartx>nate as a pri component in a dilute aque- 
ous sdution of isopropyl akx>hd. The resulting coating l£^er was dried at 60^0. wheretsy a grid pattem was obtained. 
The coating layer was heated at 200**C and in a baking furnace, was then baked at 550**C for 1 hou-in air to bum off 
organic components, whereby a black matrix was formed. Inasimslar manner to Exanple 1. a display panel for a cdor 

so plasma dspl^ was fabricated. 

IndiviAjal luminescent cotors from the due. yeen and red phosphors appear on ttie front glass substrate in such 
a way ttiat ttiey are isolated from each ottier by the grid-shaped dack matrix The ttius-obtained display pand for ttie 
cdor plasma display can therefore fdm a vivid image having high cdor purity and contrast and excdient luminanca 
It is to be noted that display panels having excellent Uack matrices and suited for use in cdor CD displays or cdor 

55 plasma dsplays can be obtained by using, instead of the conpound-oxide dack pigments emptoyed in Examples 1-17, 
ottier coiTpoundKxxkJe dack pigments and fdlowing ttie procedures of ttiese Examples. 
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'aaims 

I. A oomposition for a Uack matrix, said conrposition bang composed of a biack pigment and a binder for said pig- 
ment wherein said black pigment is a compound-oxide black pigment oonprising at least two m^ aoddes and 

5 having a spinel or inverse-spinel crystairme structure 

Z The conrposition according to daim 1, whe-ein said compound-oxide black pigment is a compound oxide conv 
posed, as prindpaJ metal components, of at least two metals selected from the gro(jp consisting of copper, chro- 
miun. iron, manganese. cobaK. alumirum. nickel, zinc, antimony, titarvum and barium. 

10 

3. The composition according to daim 1, wherein said compound-oxide Uack pigmem is at least one corrpourxl^^ 
Uack pigment selected from the group consisting of compoundKsxide Uack pigments composed of copper aivJ 
chromium as principal metal components, compound-oxide black pigments composed of copper and manganese 
as principal metal components, compound-oxide Uack pigments composed of copper, iron and manganese as 

IS priridpal metal components, compound-oxide Uack pigments composed of cobalt chromium and iron as prinqpal 
metal corrponerrts. corrpound-oxide black pigments composed of cobatt, chromium, iron and manganese as prin- 
cipal metal components and compound-oxide Uadc pigments composed of cobalt nickel, dvonrium arxj iron; or a 
Uack or darkKX)lored rnixture of at least two pigments selected from the gro^ 
oompound-OKfoe pigments and all said compound-oxkle Uack pigment& 

20 

4. The compositton acoorcfing to daim 1 . wherein said oompound-oxide Uack pigment has been surfac&4reated with 
at least one coating material selected from the group consisfa'r^ of silicon codde or vitreous inorganic materials. 
hard&iaUe polymers, and pdym^ sid)stantially tnsoluUe in a medura 

2S 5. The conrpositton according to daim 1, wherein said kxrider is a nr^^ 
frit 

6. A process for the fornialfon of a Uad^rnatrix on a substrate from a cornpositm 

said t>lack pigment is a compourvl-cxkie t)lack pigment comprising at least two metal oxides and having a spinel or 
50 inverse-spinel crystalline structure. 

7. The process according to daim 6. wherein said substrate is a substrate for a color filter of a color LC display. 

8. The process according to daim 6. wfierein said substrate is a substrate for a display panel of a luminescent flat 
35 panel display. 

3. The process aoxxding to any one of claims 6-6, which comprises fornring a Uad^ 

ooiTposiBon defined in daim 5, and heating said Uack matrix at 450-900'C to txjm off said organic Under and to 
fuse said low ntp. glass frit wheretysaM oonpourid-oxideUadcpignfient in said oon^ 
40 strata 

10. An artide comprising a sut)strate and a black matrix formed from a composition, which contains a black pigment 
and provided on said substrate, wherein said Uack pigment is a corrpound-oxide Uack pigment comprising at least 
two metal ODddes and having a spinel or inverse-spine! crystalline structura 

45 

II. The artide according to daim 10. whtoh is a color LC display. 

1 2. The artide according to daim 1 0, which is a luminescent flat-panel display. 

so 13. The artide according to any one of daims 10-12. wherein said corrpound-ODcide Uack pigment has been fixed on 
said sufcjstrate with a low m.pL vitreous Under. 
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[Title of the Invention] Black photosensitive resinous 

composition and method for preparing black matrix 
[Abstract] 

[Structure] A black photosensitive resinous composition 
characterized by comprising a photosensitive polymer, a dyeable 
polymer, a dispersant, a coloring pigment and a black dyestuff . 

[Effect] At first, since a black dyestuff is combined as a light 
shielding agent, a coating property on a substrate is improved 
compared with the case of using only a pigment and thus a coating 
without any uneven coating distribution can be obtained; secondly, 
since the black dyestuff is used, a coating having a low coating 
pressure can be obtained at a same light shielding property compared 
with the case of using only a pigment, which is advantageous when 
introduced into a liquid crystalline module; and thirdly, since 
an amount of ultraviolet ray irradiated can be decreased, an 
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irradiation time and an electric amount consxamed can be saved. 
[Scope of Claims for Patent] 

[Claim 1] A black photosensitive resinous composition 
characterized by comprising a photosensitive polymer, a dyeable 
polymer, a dispersant, a coloring pigment and a black dyestuff . 

[Claim 2] A method for preparing a black matrix characterized in 
that a black photosensitive resinous composition containing a 
photosensitive polymer, a dyeable polymer, a dispersant, a coloring 
pigment and a black dyestuff is coated on a transparent substrate, 
exposing it through a mask having a desired pattern and developing 
it to obtain a pattern, and coloring the obtained pattern by a black 
dyestuff. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention Application] 

The present invention relates to a black matrix for forming 
a color filter of a color liquid crystalline display device and 
a photosensitive coloring resinous composition used for preparing 
the black matrix. 
[0002] 
[Prior Art] 

Conventionally, as a black matrix used in the color liquid 
crystalline display device, metallic deposited coatings of aluminum 
and chromium etc. However, pinholes maybe easily produced in these 
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metallic deposited coatingS/ and furthermore there is a problem 
to produce a step between the black matrix part and other filter 
part . 
[0003] 

Thus, in order to solve such problems, a method to form a black 
matrix by means of an organic coating was proposed. For example, 
a resist having dispersed pigments which comprise combinations of 
carbon black with different multiple coloring pigments was 
disclosed Japanese Patent Application Laid-open No. Hei 4-63870. 
In the resist, a resist coating is formed on a transparent substrate 
by means of a spin coater method etc. similar to conventional 
coloring color resists, and then a pattern is formed by a 
photolithographic method. 
[0004] 

However, since the pigment is used as a coloring agent in the 
above-mentioned present invention, a concentration of the pigment 
should be increased for improving a light shielding property, thus 
a coating prqperty is deteriorated and uneven coating distribution 
is easily produced when formed into a coating. Further, the pattern 
is formed by a photolithographic method in the above-mentioned 
present invention, but a light amount at a photoreacting site in 
the coating is decreased due to a light shielding property of a 
black matrix and thus a crosslinking efficiency is lowered. If a 
light amount necessary for photocrosslinking is not obtained, the 
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pattern is dissolved during development and thus peeled off. 
Further, if a photocrosslinking efficiency is lowered, an exposure 
amount necessary for forming a pattern of a color filter is increased, 
that is, a considerable exposure time is necessary. This tends to 
be eminent if the light shielding property of the black matrix is 
increased, that is if transparency is lowered, and thus such black 
color resist requires 3-10 times of exposure amount compared the 
coloring color resist. Conversely, if transparency is increased, 
the photocrosslinking efficiency is certainly improved, but the 
light shielding property is lowered, thus improvement in a contrast 
which is an object of a light shielding color resist is deteriorated. 
[0005] 

[Problem to be solved by the Invention] 

A subject of the present invention is to provide a black 
photosensitive resinous composition by which a pigment density in 
a coating is lowered without varying a light shielding property 
and a coating property of the coating and by which a dispersing 
property of a pigment can be improved, and a method for forming 
a black matrix at a low exposure amount without lowering the light 
shielding property. 
[0006] 

[Means to solve the Problem] 

The present inventors have studied eagerly about the 
above-mentioned siibject/ to find that a pigment density in a coating 
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is lowered without varying a light shielding property and a coating 
property of the coating and a dispersing property of a pigment can 
be improved by using not only a coloring pigment but also a black 
dyestuff combined, and that a black matrix can be formed at a low 
exposure amount without lowering the light shielding property when 
a coloring pigment and others are coated first to form a coating, 
exposed and then dyed with a black dyestuff, in the case of preparing 
the black matrix with using the composition, and to attain the 
present invention. 
[0007] . 

That is, the present invention relates to a black 
photosensitive resinous composition characterized by comprising 
a photosensitive polymer, a dyeable polymer, a dispersant, a 
coloring pigment and a black dyestuff. Further, the present 
invention relates to a method for preparing a black matrix 
characterized in that a black photosensitive resinous composition 
containing a photosensitive polymer, a dyeable polymer, a 
dispersant, a coloring pigment and a black dyestuff is coated on 
a transparent substrate, exposing it through a mask having a desired 
pattern and developing it to obtain a pattern, and coloring the 
obtained pattern by a black dyestuff. 
[0008] 

The present invention will be illustrated in detail as 
follows. 
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[0009] 

[A] black photosensitive resinous composition 

The black photosensitive resinous composition according to 
the present invention contains a photosensitive polymer, a dyeable 
polymer, a dispersant, a coloring pigment and a black dyestuff . 
Respective components will be described in detail as follows. 
[0010] 

(1) photosensitive polymer 

As the photosensitive polymers according to the present 
invention, combinations of binder resins and photocrosslinking 
agents can be used. The binder resins may be, for example, polyvinyl 
alcohol, polyvinyl pyrrolidone, acrylic acid, methacrylic acid, 
2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2- 
hydroxypropyl methacrylate and polyacrylamide . 
[0011] 

As photocrosslinking agents, diazo compounds and azide 
compounds etc. are preferably used- The diazo compound in the 
present invention is referred to a compound having one, preferably 
two or more, diazo salt{s) in one molecule. Preferably, aromatic 
diazo compounds are used. Specific examples of the aromatic diazo 
compound include condensates of p-diazodiphenylamine, 2,5- 
dimethoxy-4-p-tolylmercaptobenzene diazoniiom, 2, 5^dimethoxy-4- 
morpholinobenzene diazonium with formaldehyde, etc. 
[0012] 
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The azide compound in the present invention is referred to 
a compound having one, preferably two or more, azide salt(s) in 
one molecule. The azide compound is used generally as a sulfonic 
acid or sulfonate form. Examples of the azide compounds include 
sodium 4, 4-diazidestilbene-2, 2' -disulf onate, 2, 6-bis (4- 

azidebenzal) acetone 2-sulfonic acid, 2, 6-bis (4- 

azidebenzal) acetone 2, 2' -disulfonic acid, 2, 6bis (4- 

azidebenzal) cyclohexanohe-2-2' -disulfonic acid, 2, 6bis (4- 
azidebenzal ) methylcyclohexanone-2 , 2 ' -disul^onic acid, etc • 
[0013] 

A large amount of the diazo compound or the azide compound 
to be added is preferred from the viewpoint of crosslinking 
efficiency, but if it is too much, a dispersing property of the 
pigment is lowered. Therefore, it is preferable added in an amount 
of 1-30% by weight based on a binder resin (solid content) . Since 
these photocrosslinking agents are rich in reactivity, they are 
preferably added to the binder resin immediately before its 
practical use. An amount of the photosensitive polymer contained 
in 100 parts by weight of the black photosensitive resinous 
composition is preferably 2-25 parts by weight. If it is less than 
2 parts by weight, photosensitivity becomes low, and if it is above 
25 parts by weight, viscosity is increased and thus a coating 
property on a substrate is lowered. 
[0014] 
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(2) dyeable polymer 

The dyeable polymer in the present invention is referred to 
a polymer which exhibits color by optical absorption of the dyeable 
molecules after a dyestuff molecules are adsorbed on a specific 
functional group contained in the polymer in the case of adding 
a suitable dyestuff (described below specifically) . Dyeable 
polymers may be, for example, homopolymers and copolymers such as 
casein, glue, polyvinyl alcohol, polyvinyl pyrrolidone or 
polyacrylamide . Particularly, among of the above-mentioned ones, 
polyvinyl alcohol, polyvinyl pyrrolidone, polyacrylamide, 2- 
hydroxyethyl acrylate and 2-hydroxyethyl methacrylate having also 
a property of the binder resin are preferable. Ah amount of the 
dyeable polymer contained in 100 parts by weight of the black 
photosensitive resinous composition is preferably 5-20 parts by 
weight. If it is less than 5 parts by weight, the effect of the 
present invention is hardly obtained, and; if it is above 20 parts 
by weight, a coating property on a substrate is lowered. 
[0015] 

(3) dispersant. 

Examples of the dispersants include ionic surfactants, 
noniohic surfactants and various polymers, wherein the ionic 
surfactants include cationic surfactants, anionic surfactants and 
amphoteric surfactants. 
[0016] 
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Examples of the cationic surfactants include aliphatic amines, 
quaternary ammonium salts and alkyl pyridinium salts; examples of 
the anionic surfactants include aliphatic acid salts, sulfuric 
esters, sulfonic salts and phosphoric esters; and examples of 
amphoteric surfactants include amino acid salts. Examples of the 
nonionic surfactants include polyoxyethylene alkyl ethers, 
polyoxyethylene alkylphenyl ethers, polyoxyethylene alkyl esters, 
sorbitan alkyl esters and polyoxyethylene sorbitan alkyl esters. 
[0017] 

Further, examples of the dispersants comprising polymers 
include alkyd resins, epoxy, epoxy esters, vinyl resins, butyral 
resins, polyurethane, acrylic resins, polyester resins, silicone 
resins and water-soluble resins etc. These dispersant may be used 
in admixture each other, or they can be used after dispersing alone 
and then adding other ones. For chemical stability, it is 
preferable to disperse the pigment first by means of a surfactant 
having a low molecular weight and thereafter add the polymer 
dispersant. . 
[0018] 

An amount of the dispersant contained in 100 parts by weight 
of the black photosensitive resinous composition is preferably 
0.5-40 parts by weight. If it is less than 0.5 parts by weight, 
a dispersing property of the pigment is bad, and if it is above 
40 parts by weight, a coating property on a substrate is lowered. 
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[0019] 

(4) coloring pigment 

As coloring pigments, organic pigments are mainly used but 
inorganic pigments may be used, and both may be also used in together • 
Examples of organic pigments include azo lake type, insoluble azo 
type, condensed azo type, phthalocyanine type, quinacridone type, 
dioxazine type, isoindolinone type, anthraquinone type, perynone 
type, thioindigo type and perylene type. Example of inorganic 
pigments include carbon black, titanium oxide, Milori blue, cobalt 
violet, manganese violet, ultramarine, Prussian blue, cobalt blue, 
cerulean blue and viridian. As to carbon black, it is preferably 
unused since it has a high light shielding property by itself and 
a long period is necessary for exposure of the photosensitive 
composition. In this case, the light shielding property can be kept 
by using the black dyestuff described below much. 
[0020] 

The above-mentioned coloring pigments may be used alone or 
in admixture - Further, it is preferably used by combining a pigment 
which is in a complementary relationship or by blackening falsely 
to exhibit black color by using the above coloring pigment. As 
examples of the complementary relationship, red and bluish green, 
violet and green, yellow and blue, etc. may be mentioned. An 
amount of the pigment contained in 100 parts by weight of the black 
photosensitive resinous composition is preferably 30 parts by 
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weight or less. If it is above 30 parts by weight, dispersing 
stability is deteriorated. Further, a ratio of the pigment to the 
above-mentioned dispersant is preferably 1:0.2-1:10. Since the 
photosensitive resinous composition according to the present 
invention has a dyestuff in addition to the coloring pigment, the 
amount of the coloring pigment added can be suppressed low and thus 
the dispersing property of the pigment can be improved. 
[0021] 

(5) dyestuff 

The dyestuff used in the present invention is one which is 
adsorbed on the above-mentioned dyeable polymer and which exhibits 
black color when coated on a pattern obtained by exposing and 
developing the photosensitive resinous composition. Such black 
dyestuf f s may be, for example. Direct Fast Black D which is a direct 
dyestuff. Acid Fast Black VLG which is an acidic dyestuff. Acid 
Black WA which is a 1:1 type metal complex dyestuff. Chromium Black 
P2B and Chromium Black T which are chromium dyestuf fs, and Reactive 
Black B which is a reactive dyestuff. 
[0022] 

Examples of preferable combinations with dyeable polymers 
include a combination of casein or glue with Direct Fast Black D, 
a combination of polyvinyl alcohol or 2-hydroxyethyl methacrylate 
with Acid Fast Black VLG or Acid Fast Black WA, a combination of 
polyacrylamide with Chromium Black P2B or Chromiiam Black T, and 
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a combination of polyvinyl alcohol with Reactive Black B. 
[0023] 

An amount of the black dyestuff contained in 100 parts by 
weight of the black photosensitive resinous composition may be 
adjusted in order that a coating has a desired light shielding 
property, that is, may be adjusted appropriately according to an 
amount of the coloring pigment added; and it is preferably 1-20% 
by weight, particularly 3-10% by weight. 
[0024] 

[B] method for preparation of black matrix 

A method for preparation of a black matrix of the present 
invention is illustrated as follows. 
[0025] 

(1) preparation of photosensitive resinous composition 

The above-mentioned photosensitive polymer, dyeable polymer, 
dispersant and coloring pigment are dispersed in a solvent at a 
specified weight ratio. As solvents, water and organic solvents 
such as alcohol, benzene, toluene, cyclohexane, methyl ethyl ketone, 
acetone and ethyl cellosolve can be used. The dispersing may be 
carried out by general methods with using a pigment dispersing 
device such as a three-roll mill, a ball mill, a sand mill, a 
homogenizer and an ultrasonic dispersing device. The coloring 
compositions (coloring pigments or dispersions containing 
dispersed coloring pigments) may be used alone, but it may be toned 
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with multiple coloring compositions in order to exhibit good color 

characteristics . 

[0026] 

(2) coating of photosensitive resinous composition and forming 
of pattern 

The photosensitive resinous composition obtained as 
described above is coated on a transparent substrate such as a glass 
substrate by a coating machine such as a spin coater and a roll 
coater, to form a coating. Herein, the coating is formed in such 
a thickness that transparency is higher than the objective one in 
due consideration of later dyeing of the coating. Specifically, 
the coating thickness. is preferably 1.5-5 times of the objective 
transparency (which can be calculated from the Lambert-Beer law) . 
In the photosensitive resinous composition according to the present 
invention, density of the coloring pigment can be suppressed low, 
so that viscosity becomes low and a coating property becomes good. 
[0027] 

Then, .the thus formed photosensitive resinous coating is 
irradiated with ultra-violet ray through a mask having a specified 
pattern. The amount of exposure is about 200-2000 mJ/cm^. In the 
case that carbon black is not used as the coloring pigment in the 
photosensitive resinous composition, the amount of exposure is 
about 400 mJ/cm^, wherein exposure takes a very short period compared 
with the case of carbon black used. 



13 



[0028] 

By developing the photosensitive resin exposed through the 
mask, the pattern is formed only on an exposed area and an area 
covered with the mask is removed. As developers, generally used 
developers may be employed: aqueous developers such as a dilute 
aqueous acetic acid solution and an aqueous malic acid solution, 
as well as alkaline developers such as an aqueous sodium carbonate 
solution and an aqueous potassium carbonate solution. 
[0029] 
(3) dyeing 

The coating pattern obtained as described above is dyed by 
means of the black dyestuff. Dyeing may be carried out by a 
conventional method, and generally the substrate is dipped in the 
dyestuff. A dipping period may be adjusted such that the coating 
has a desired light shielding property, and specifically it is 
preferably. 3-20 minutes, particularly 5-10 minutes. 
[0030] 

In the. case that an acidic dyestuff is used as the dyestuff, 
it is preferable to carry out pH adjustment and temperature 
adjustment appropriately in due consideration of dyeing ef f iciency. 
pH is preferably 3-5 at which physical properties of a formed coating 
are not changed, and it is particularly about 4. Further, the 
temperature is preferably 20-50**C, particularly preferably 25- 
35**C. Examples of acids which can be used for pH adjustment include 
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acetic acid, citric acid, malic acid and tartaric acid. Examples 
of salts include ammonium sulfate, ammonium sulfonate and ammonium 
nitrate. 
[0031] 

The black matrix obtained as described above has a sufficient 
light shielding property due to the coloring pigment and dyestuff . 
[0032] 
[Action] 

By using the photosensitive resinous composition according 
to the present invention, a concentration of a pigment in a coating 
can be suppressed low and a coating property of the coating can 
be improved without any uneven coating distribution. Further, by 
the method for preparation of the blaclc matrix according to the 
present invention, transparency of the coating during exposure can 
be maintained high (that is, the light shielding property can be 
maintained low) and thus an amount of ultra-violet rays irradiated 
necessary for exposure can be decreased since the coating is dyed 
with a dyestuff after exposure to obtain a desired light shielding 
property. 
[0033] 
[Examples] 

The present invention is illustrated in more detail with 
referring to examples as follows without being limited thereto. 
[0034] 
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(Example 1) 

In this Example, coating properties of a photosensitive 
resinous composition were tested as follows. An acidic dyestuff 
PC-Black 205D (made by Nippon Kayaku Co. Ltd.) was selected as a 
black pigment, and Fastogen Blue TGR (made by Dainippon Ink Co. 
Ld. ) and Fastogen Super Violet RVS (made by Dainippon Ink Co. Ld. ) 
were selected as a blue and violet pigments, respectively. They 
were dispersed in a sand mill at a blending ratio described 

hereinafter at 2500 rpm for 2 hours. Herein, 2 mmd) glass beads were 
used as media. 

PC-Black 205D 5% by weight 

Fastogen Blue TGR .6% by weight 

Fastogen Super Violet R^S 4% by weight 

polyoxyethylene alkylphenyl ether 5% by weight 
water 80% by weight 

Then, to 100 parts by weight of the above-mentioned coloring 
resinous composition, 45 parts by weight of a 10% aqueous 2- 
hydroxyethyl. methacrylate solution was added and further 1 part 
by weight of p-diazodiphenylamine was added. 
[0035] 

A light shielding property and a coating property of the thus 
obtained black resinous composition were evaluated. A light 
shielding property was evaluated by determining transparency. The 
maximal transparency was 1.5% at a coating thickness of 0.8 for 
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visible light (700 nm) . Further, a yield value is used as a typical 
numerical value expressing the coating property, wherein the yield 
value is an extrapolated shear stress value at a shear rate 0 by 
varying the shear rate of viscosity. If the value is high, uneven 
coating distribution is easily produced due to high thixotropy and 
a bad coating property. 
[0036] 

The yield value was determined by measuring viscosity with 
by using an E type viscometer (made by TOKIMEC Co. Ltd. ) and Casson 
plot. As the result,, the yield value was 10 mPa. 
[0037] 

(Comparative Example 1) 

A black resinous composition was prepared similarly to 
Example 1, except that carbon black (MA 100, made by Mitsubishi 
Kasei Co. Ltd.) was used instead of the black dyestuff in the same 
amount. As to the obtained composition, a maximal transparency and 
an yield value were determined similarly to Example 1, which were 
1.5% and 100 mPa respectively. If the yield value is higher in such 
case, a coating property becomes bad and uneven coating distribution 
is produced when coated on a substrate. 

[0038] 

As clear from results of Example 1 and Comparative Example 
1, the black resinous composition prepared by using the dyestuff 
and the pigment has "a very low yield value and a superior coating 
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property compared with the black resinous composition having the 
similar light shielding property with use of only pigment. 
[0039] 
(Example 2) 

Three types of organic pigments (black: carbon black (MA 100, 
made by Mitsubishi Kasei Co. Ltd.), blue: phthalocyanine blue 
(Fastogen Blue TGR, made by Dainippon Ink Co. Ltd.) and violet: 
dioxazine violet (Fastogen Super Violet RVS, made by Dainippon Ink 
Co. Ltd.)) were dispersed in water at a blending ratio described 
below by using a nonionic surfactant, polyoxyethylene alkylphenyl 
ether. 

organic pigment 20% by weight 

polyoxyethylene alkylphenyl ether 5% by weight 

•water 75% by weight 

To the obtained pigment dispersion, a 10% aqueous 2-hydroxyethyl 

methacrylate (HEMA) solution, polyoxyethylene alkylphenyl ether 

and water were added at such amounts to provide the following 

composition .ratio. 

pigment dispersion 8% by weight 

polyoxyethylene alkylphenyl ether 2% by weight 

HEMA 8% by weight 

water 82% by weight 

To the obtained respective coloring pastes were blended in such 

a ratio of black : blue : violet is 1:3:1 (by weight ratio) . In 
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order to provide photosensitivity, 10% by weight (based on HEMA) 

of p-diazodiphenylaitiine was added. 

[0040] 

The above-mentioned photosensitive resist was coated on a 
non-alkaline glass substrate by a spin coater. Herein, a coating 
thickness was 0.8 |jiu, and a maximal transparency in visible light 
(700 nm) was 4.0%. Further, there is no uneven coating distribution 
and a good coating can be formed. The obtained coating was pre-baked 
at 50®C for 3 minutes, thereafter exposed by a high pressure mercury 
lamp through a fine test pattern by which resolution can be found 
at 300 mJ/cm^ (for 1 minute) . After exposure, development was 
carried out by means of a 1% aqueous malic acid solution. 
[0041] 

The formed pattern obtained by development at fine 10 ^im lines 
was good without flowing out. Then, the above-mentioned black 
pixels were dyed under the following conditions. 

dyestuff PC-Black 205D (made by Nippon Kayaku Co. Ltd.) 1.0% 
aqueous solution 

pH. 4.0 
solution temperature 60 ''C 

dipping 10 minutes. 

Maximal transparency of the coating after dyeing was 0.5% at 700 

nm. 

[0042] 
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(Comparative Example 2 ) 

Black matrix having the same light shielding property as that 
of black matrix prepared in Example 2 was prepared without dyeing. 
That is, a. coating thickness (1.5 |im) of the black photosensitive 
resinous composition similar to Example 2 was formed such that a 
maximal transparency in 700 nm was 0.5%, which was pre-baked and 
exposed (300 mJ/cm^) and thereafter developed. 

[0043] 

The obtained pattern was flown out due to insufficient 
exposure, from which insufficient crosslinking is recognized. 
Then, by increasing the exposing amount to the point at which a 
10 |im line of a test pattern was formed without flowing out, and 
the exposing amount was determined as 1500 mJ/cm^. As clear from 
the above-mentioned results, the black matrix prepared by using 
dyestuff_ and pigment can be prepared well at a low amount of 
irradiated ultra-violet. 
[0044] 

[Effect of the Invention] 

According to the present invention, the following effects can 
be obtained. 

(1) Since a black dyestuff is used in together as a light shielding 
agent, a coating property on a substrate is improved compared 
with the case of using only a pigment and thus a coating without 
any uneven coating distribution can be obtained. 
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(2) Since the black dyestuff is used, a coating having a low coating 
pressure can be obtained at a same light shielding property 
compared with the case of using only a pigment, which is 
advantageous when introduced into a liquid crystalline module. 

(3) Since an amount of ultraviolet ray irradiated is decreased, an 
irradiation time and an electric amount consumed are saved. 
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